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TELESCOPE  MOUNTINGS  AND  DOMES* 


WfLLIAM  tt.  PICKBKtNO 

A  recent  brief  visit  to  Europe  tias  etinb]e<l  nie  lo  make  n  study 
of  a  uumljer  of  Oiffereiit  tcte»:ofw  innuntingB  in  iifc  in  Gnglnnd 
and  France,  and  to  coni|>nrc  Lhem  with  some  of  those  employed 
in  uur  gwii  couiitrv.  An  es|iretal  study  has  lieen  ni;ide  of  the  ar- 
rangements for  following  a  star  tu  the  telescope,  and  keeping  it 
exactly  u]K>n  the  cross  hnirs.  This  is  a  matter  of  coniparnttvely 
HttJe  consequence  for  visual  work,  but  for  photography  it  is  one 
of  vital  importance,  since  owing  to  variations  in  the  refrnction 
with  the  altitude  of  the  star,  the  driving  clock  can  never  follow 
with  fferfect  accuracy,  no  matter  bow  accurately  the  clock  itself 
may  run. 

By  far  the  most  common  meihod  of  ro!lowin|>  is  by  means  of  a 
slow  motion  screw  ndjustctl  by  hand.  This  works  in  a  nut  u 
most  of  the  Americnn  telescopes,  while  in  the  foreign  instruments 
it  usually  tits  into  a  worm  wheel  or  sector  simitar  to  that 
actuated  by  the  driving  screw.  In  the  Clark  mounting,  Figure  1, 
the  driving  screw  D  is  attached  to  a  nut  working  on  the  slow 
motion  screw  A,  both  being  seen  endwise.  By  turning  the  slow 
tuotion  screw  the  driving  screw  is  moved  bodily  forwards  or 
backwards,  thus  turning  the  worm  gear  which  is  clamped  to  the 
polar  axle.  In  the  Warner  &  Swnscy  mounting  which  is  sorae- 
whni  similar  in  construction  to  that  represented  in  Fi^-ure  .S,  the 
driving  screw  turns  a  worm  gear  which  is  loose  on  the  polar 
axis.  This  worm  gear  carries  the  slow  motion  screw  which  6t8 
into  a  nut  attached  to  an  arm  which  is  elamped  upon  the  polar 
Axle.  In  the  French  methotl,  Figure  2,  as  made  by  Gnutier.  there 
are  two  worm  gears  exactly  alike,  cut  upon  the  same  wheel, 
which  turns  loosely  upon  the  polar  axle.  The  slow  motion  screw 
A  is  damped  to  the  axle  and  is  carried  by  the  loose  wheel,  which 
&  driven  by  the  driving  screw  D.    In  the  English  mounting  am 

*  Commanicatcd  by  the  aotlior. 


made  by  Ombb.  Figure  H,  the  kIow  motion  screw  is  uttnchcd  to 
the  loose  whoel,  and  this  screw  turns  a.  second  womi  ucnr  which 
is  damped  to  the  poliir  nxlc.  Grubh  usually  eniploys  sectors  in- 
stead of  complete  wheels,  ns  do  also  the  other  makers  very 
frequently. 

Kor  photojfTiiphic  work  the  complete  wheel  for  both  driving 
screw  and  slow  motion  has  a  decided  advantage  over  the  sector, 
as  the  latter  rarely  permits  of  exposures  of  much  longer  than 
two  hours'  duration.  ViTicre  several  short  exposures  are  to  be 
made  in  one  evening  it  is  a  great  inconvenience  to  be  constautly 
obliged  to  set  back  the  sector,  or  else  to  have  to  consider  whether 
it  is  likely  to  run  out  before  the  exposure  is  over.  The  only  ad- 
vantage of  the  sector  is  that  it  allows  a  greater  radius  to  the 
worm  gear  than  does  the  wheel,  but  if  the  ;j;caring  of  the  wheel 
i»  carci\illy  ground,  no  api)rcciable  incgularily  in  tlie  motion  will 
be  introduced  by  this  cause.  While  bcjtii  of  the  European  meth- 
ods employ  an  extra  worm  gear  for  the  slow  motion  they  have 
the  cnrresponiliiig  advantage  where  a  complete  wheel  is  used  that 
neither  of  the  screws  ever  come  to  an  end,  but  may  lie  turned  in- 
definitely. It  seems  to  me  therefore  that  a  complete  worm  gear 
for  each  screw  is  most  desirable,  and  that  here  if  we  use  a  slow 
motion  screw  at  all.  wc  cmmot  dn  l-K-ttrr  Ihiin  follnw  the  Knrrj- 
pean  example. 

The  method  of  turning  the  slow  motion  screw  is  usually 
either  by  a  double  Ilookc's  joint,  or  by  a  cord  passing  over 
a  large  wooden  wheel.  In  the  latter  case  the  cord  may  be  con- 
veniently made  to  embrace  the  wheel  by  passing  it  through  a 
small  but  heavy  ring  which  hangs  freely  upon  the  cord  by  its 
own  weight,  Figure  4-,  and  thence  over  a  horijrontal  axis.*  The 
Henry  brothers  use  the  Hookc's  Joint,  with  a  long  handle  cai>a- 
ble  of  reaching  the  hand  when  the  obsei-^-cr  is  looking  through 
the  finder.  We  have  employed  the  same  method  at  Harvard,  but 
have  found  il  inconvenient  and  rather  nusatisfaetory,  For  very 
large  teteseoi>es  it  is  almost  out  of  the  question.  Besides  the 
cord,  and  the  Hooke's  joint,  there  is  a  third  method  of  turning 
the  slow  motion  screw,  employed  first  by  Repsold.  This  is  the 
method  of  ring  gears,  in  which  the  screw  is  connected  directly  by 
a  system  of  mitre  gears  turning  upon  the  polar  and  declination 
axles  with  a  long  handle  running  down  the  side  of  the  telescope 
tube.  Thus  the  declination  and  the  right  ascension  adjustments 
are  made  by  turning  two  handles  placed  side  by  side.  This  is  a 
very  convenient  arrangement,  but  there  is  a  certain  amount  of 

*  Tbis  urrBiiKCUiciit  is  used  m  Dr.  Huggiiia'  Obacrvntory. 


Willinm  H.  Picken'n^. 


n 


IkicIc  liisli  ititroduccd  by  this  luijustiiu'iu,  and  lor  larjic  iiistni- 
ments  the  ring  Rcnrs  arc  ntvcssririly  very  heavy.  SLill  imotbcr 
method  of  turning  Che  slow  motion  8cre\v  which  hos  occucrod  to 
me  is  to  connect  it  through  stiitnblc  genrinp  with  a  smnll  electric 
motor.  "Wires  conid  ihtMi  he  iiUachcd  liy  which  the  current 
coold  be  transmitted  in  cither  direction  throiigli  the  motor,  caus- 
ing it  if  [jroperly  nrrnnged,  to  c«rry  the  screw  either  hnckwnrdfl 
or  forwards,  fit  will.  This  seems  in  some  respects  the  most  com- 
pletely  controlled  method  of  tnniing  the  screw  in  cnse  clcctnc 
power  is  nt  hnnd. 

But  there  are  other  methods  of  correcting  the  motion  in  right 
aaceneion  which  dispense  with  the  slow  motion  screw  altogether. 
One  of  these,  known  as  the  ''mouse  control,"  itt  employed  by 
Grubh  on  many  of  his  instatments.  In  Kignrc  5  let  A  and  H  be 
two  geart  which  tire  jn»t  alike  »ave  that  one  of  them  has  one 
more  tooth  than  the  other.  Their  respective  axles  arc  in  line  but 
disconnected.  The  lelt  hnnd  nxle  transmits  the  pt>wer.  and  the 
right  hand  one  is  connected  with  the  driving  screw.  D  is  a  loose 
pulley,  carrying  the  loose  gcjir  or  so-called  "mouse,"  C.  whichcon- 
ncct,H  tlic  gears  A  and  U.  When  the  power  shaft  rcvolvcit,  carry- 
ing Uie  pulley  D,  the  driving  screw  shtift  also  turns  ut  thesnine 
rate.  If  now  we  sto(»  I)  in  any  ijosiiion.  the  differi-ntial  gearing 
of  \  and  U  comes  into  play,  causing  the  driving  screw  tu  move 
at  a  slightly  iacreased  or  diminished  speed  as  the  ease  may  bc^ 
Dmay  either  be  turned  backwanis  or  forwar  Is  by  n  cord.increos- 
ing  or  diminishing  the  rotation  of  H,  or  else  two  separate  mouse 
controls  may  be  employed,  one  (Wr  increasing  and  the  other  for 
dinnnishing  the  specil.  In  the  latter  case  the  pulleys  arc  stopped 
ekctricaKy  by  wires  lending  directly  to  the  hand. 

It  seems  to  mc  that  the  "mouse  control"  is  a  decided  step  in  ad- 
vnnce  in  the  direction  of  accurate  a<lju«tmenl,  over  the  slow  mo- 
tion screw.  In  our  l3-iacli  telescope  av  endwise  push  of  tlie  driv- 
ing wrew  of  ifVif,  of  an  inch  moves  the  jihotograpbic  plate  through 
1".  This  slight  motion  of  the  screw  may  be  entirely  musked  by 
the  back-lnsh.  or  other  euuscs,  and  in  practice  we  Hud  stich  is  llie 
case,  and  that  accurate  following  forenlargrnents  is  a  very  diffi- 
cult matter.  The  mouse  cimtrol  avoids  all  this,  by  simply  chang- 
ing the  rate  of  motion  of  the  dri\'iug  Mrrcw,  in  the  simplest 
manner  imnginable,  and  no  slow  motion  screw  whatever  is 
needed. 

There  is  a  ver>' convenient  device  of  general  application  which  is 
employed  at  Greenwich,  but  whose  bearing  in  the  present  in- 
stance docs  not  at  first  sight  appear.    When  it  is  wished  to 


correct  the  error  of  the  standard  mcnutime  clock,  it  is  not  done 
by  flddiiiR  or  removing  smnll  weights  frooi  a  Rcnie  pan,  as  is  cus- 
tomiiry  ft  many  ciUservntories.  Intntead  of  this  tliere  !•;  attached 
to  the  front  of  the  iiendntum  of  the  clock  a  vcrticic  pcrmaiient 
bnr  mngnet.  mensuriiig  5X%X  %  inches.  Just  below  the  mag- 
net  is  placed  n  helix  attached  to  the  clock  case.  It  is  connected 
with  a  battery  of  eight  Leclnnche  cells,  nml  has  no  iron  core.  By 
passing  a  current  through  this  helix  in  one  direction  or  the  other 
the  error  of  the  clock  can  I>e  cliangcd  by  six  sec<tn<ls,  inside  of  one 
boor.  In  talking  this  matter  over  with  Mr.  Douglass  afterwards 
it  npiieared  thiit  tliis  arrangement  might  be  adapted  to  the  con- 
trol clock  of  an  equatorial.  It  would  probably  be  best  in  order 
to  change  the  rate  more  rapidly  to  employ  two  helices,  one  above 
and  one  below  the  magnet,  and  to  furnish  them  with  iron  cores. 
By  this  arrangement  no  slow  motion  screw  and  no  "  mouse  con- 
trol" would  be  necessary.  An  electric  current  w*>uld  merely  be 
passed  through  the  hellcc*  the  intensity  and  direction  of  which 
could  be  varied  by  turning  a  switch  held  in  the  hand.  Like  the 
"mouse  control"  this  adjustment  woald  never  come  to  an  end, 
and  it  would  have  an  advantage  even  over  it  in  one  resfKrct.  if  in 
following  a  star  we  found  that  ii  was  gradually  leaving  the 
crusswires,  we  should  not  be  obliged  to  continually  bring  it 
back  again  every  few  minutes,  as  soon  as  we  were  able  to  detect 
an  appreciable  error  in  its  jiositioii.  We  should  do  better  than 
that.  Wc  should  pass  a  alight  current  through  the  coils  and 
change  the  rate  of  the  clock,  so  thai  no  error  of  position  should 
occur, — and  this  without  disturbing  the  drivingniechanism  in  the 
slightest  degree.  It  seems  to  me  that  we  have  here  a  new  princi- 
pic  of  following.— instea<I  of  constantly  correcting  the  error  of  the 
clock,  as  the  star  varies  in  altitude,  we  merely  correct  the  clock 
rate. 

At  Greenwich  two  methods  of  correcting  the  equatorial  are 
employed,  a  rapid  one  by  the  sU>w  motion  screw,  and  a  slow 
one  by  the  "muuse  control."  I  should  suggest  a  rapid  correction 
by  n  quick  acting  "mouse  control"  run  forwards  or  backwards  by 
n  small  electric  motor,  and  a  slow  correction  by  the  clock,  and  a 
rejection  of  the  slow  motion  screw  altogether. 

Leaving  this  subject,  let  us  now  turn  to  the  automatic  control. 
This  control  is  of  two  kinds ;  first  that  which  is  i>eriuaueutiy  at- 
tached to  the  driving  clock,  and  is  in  contionous  action  though 
at  a  varying  rate,  throwing  additional  work  on  the  clock  when  it 
runs  too  fast,  and  relieving  it  when  it  runs  too  slowly.  The  sec- 
ond kind  is  that  which  acts  intermittently,  throwing  in  addition- 


William  H.  Pickering. 


al  work  when  the  driving  clock  gets  ahead  of  an  independent 
control  clock,  but  never  relieving  the  driving  clock  of  any  of  its 
own  work.  In  the  Grubb  and  Warner  &  Swasey  mountings  the 
continuous  control  is  accomplished  by  means  of  a  ball  governor, 
which,  when  the  balls  fly  out,  increase  the  pressure  and  therefore 
the  friction,  upon  a  fixed  smooth  metallic  surface.  In  the  Clark 
mounting  the  continuous  control  consists  of  a  rapidly  revolving 
fan  wheel,  whose  vanes  are  set  at  a  fixed  angle  before  starting 
the  clock.  In  the  Gautier  mounting  invented  by  Foucault,  the 
balls  of  the  ball  governor  are  each  set  in  the  center  of  a  fan,  so 
that  when  the  speed  is  increased  the  fans  fly  out,  and  a  very  large 
increase  of  atmospheric  resistance  ensues,  which  regulates  the 
rate  of  the  clock  in  a  surprisingly  perfect  manner.  This  form  of 
control  has  been  employed  upon  some  American  chronographs. 
So  perfect,  indeed,  in  action  is  it  when  carefully  made,  that  Gautier 
does  not  consider  it  necessary  to  emj)loy  any  additional  intermit- 
tent control,  or  any  pendulum  whatever  about  the  telescope. 
Nevertheless  the  astronomers  who  have  used  it  tell  me  that  while 
the  clock  follows  admirably  for  short  exposures  such  as.  five 
minutes,  as  indeed  I  was  able  to  yrove  to  my  own  satisfaction, 
yet  when  the  exposure  is  longer,  slight  corrections  were  con- 
stantly necessary.  These  deviations  may  of  course  have  been 
produced  by  refraction,  but  the  observers  themselves  seemed  to 
think  that  the  introduction  of  a  pendulum  into  the  mechjinism 
would  be  an  improvement.  The  Fnucault  ndjustahle  viines  arc 
it  seems  to  me  an  improvement  on  the  fixed  vane  system,  and  I 
am  inclined  to  think  would  be  more  uniform  in  their  action  than 
any  control  depending  on  tlic  friction  of  solid  bodies.  In  connec- 
tion with  a  "mouse  control"  this  device  seems  to  me  admirably 
adapted  to  telescopes  intended  s<»Icly  for  visual  i)iirp()scs. 

Regarding  the  intermittent  control  introduced  by  an  external 
and  independent  clock,  Gautier,  as  we  have  seen,  cnii)l()ys  none. 
Grubb  again  introduces  mechanical  friction,  hut  in  the  Greenwich 
instrument  substitutes  its  omewhat  c(>mi)]ifated  form  of  "mouse 
control,"  while  Clark  permits  a  spiral  sjiring  to  be  wound  up  to  a 
greater  or  less  extent,  which  when  electrically  released  at  the  end 
of  each  second  delivers  its  absortjcd  energy  in  the  form  of  a  hhnv, 
which  does  not  aficct  the  speed  of  the  tlriving  mechanism.  When 
the  parts  affected  are  made  stnmg  enoufjh  to  withstfind  the  re- 
peated blows,  the  latter  method  gives  very  excellent  residts. 

Regarding  the  electrical  connections.  I  found  little  to  he  learned 
in  Europe.  The  Greenwich  method  of  closing  thccireuit  was  to  let 
the  end  of  the  pendulum  swing  throngli  a  drop  of  mercury.     This 


mctliod  aij»ys  thcndvaiitagc  of  simjilicity,  bat  in  our  own  case 
wc  fotind  lliat  tlic  mercury  had  constnntly  to  be  renewed,  nt 
Humc  i neon vcnict let:,  {iiid  thnt  even  tben  the  action  was  not 
always  ct-rtain.  A  second  arrangement  that  we  tried  consisted 
of  a  pin  inserted  on  the  face  of  the  pendulum  nid,  near  tite  top, 
which  at  each  swing  of  the  pendulum  lifted  a  light  spring  fiir- 
nisheil  with  a  platinum  contact-  This  is  a  wcti  known  method, 
but  wc  found  that  uniess  the  clock  it^  a  strong  one,  it  is  liable  to 
fit<fp  it.  We  nv.\t  Lrie<]  attaching  a  small  |)emianent  horseshoe 
maget  to  the  face  of  the  penduhtni,  and  allowed  it  to  swing  over 
:m  armature  attaclie<l  Lo  a  sjmng.  Tliis  device  is  also  an  old 
one  but  was  described  anew  a  few  years  ago  in  the  Siderenl 
.XfcssciigtT  by  Mr.  Gcrrish.  It  works  pretty  well,  hut  thotigli 
there  is  no  friction  introduced  whatever,  there  is  a  much 
larger  atnoutit  of  energy  alisorbed  in  the  magnetic  inthic- 
tioii  than  one  would  at  first  sight  by  any  means  suppose.  The 
next  app:irat"UB  for  the  jiuqmse  ihut  we  tried  was  made  for  us  by 
a  I'crunan  wntch-maktT.and  is  represented  in  Kigui-e  tV  A  pin  A 
attnched  to  the  pendulum  lilts  :i  little  lever  BC  by  passing  under 
the  loose  wheel  iV  This  hrrakt?  the  circuit  at  D.  This  contact  is 
easily  reaxrhed  and  cleaned  withotit  disturbing  the  pcndnlum.  and 
the  apparatus  funiisliL'S  on  the  whole  the  best  make  and  lireak 
th;it  wchuveyet  IbntuI, 

In  bringing  this  article  to  a  close  I  vnU  take  advantage  ol 
this  opportunity  lo  nnike  a  few  suggestions  that  hjivetavurrcil  t<i 
roe  as  a  result  of  my  investigations.  The..*  are  pnrliculariy  ad- 
apteil  to  ilie  mounting^  of  a  large  telescope,  but  sonic  of  them 
may  pcrhajis  be  of  use  in  the  case  of  a  smaller  instrnnicni.  It 
seems  to  me  that  the  chea|K-st  and  lightest  form  of  building  that 
could  he  erected  to  cover  a  hirge  telescope  would  he  built  upon 
the  plan  of  a  large  railway  depot.  In  Figure  7  which  is  a  plan  af 
the  dome,  a  steel  ring  is  first  laid  to  form  its  base.  On  this  i\ 
scries  of  parallel  steel  arvJics  arc  erected  of  suitabtr  sIkcs,  These 
are  united  jind  braced  by  a  series  of  cross  ties  giving  the  structure 
its  fiiKil  fonn  For  small  domi's  wood  could  Ikt  used  aH  a  substi- 
tute for  slecl.  The  whole  is  then  cither  covervd  with  sheet  metal, 
or  pcrhaiis  better  still  with  galvanized  iron  netting.  Finally  the 
netting  is  covered  with  water  proofed  canvas.  It  hiis  been  fotrnd 
at  Greenwich  that  netting  covered  with  papiennacht?  stands  the 
climate  very  well,  and  we  have  found  in  Cambridge  that  ihcsame 
is  true  of  canvna  stretched  upon  wood.  It  therefore  seems  that  a 
covering  such  j»a  is  here  suggcstcil  might  withstand  very  well 
even  the  rigors  of  a  northern  chmatc.    The  shutters  cf  the  clonic 


uliooM  slide  hDrixuntnlly  according  to  the  Hough  or  Warner, 
Swascv  plans.  The  dome  should  be  mi<nated  npoii  a  cytttidricnl 
iron  framework,  covcicd  with  one  thickness  of  sheet  iron.  It  is 
ulmost  uiitvcrs."1  in  luiropc  lu  mount  the  domes  upon  a  heavy 
bnAc  ofmHHonr^',  which  collects  and  retains  the  hent  well  into  the 
ni>;ht.  This  principle  seems  to  n)e  to  l»e  r;idica)lr  wron>j.  We 
bavex*^ne  to  the  opposite  extreme  til  Harvard,  tlie  buildings,  suit- 
porting  the  luier  domes  consisting  of  a  light  wooden  frame- 
work coveretl  wilh  a  single  layer  of  thin  nheathing.  Our  expert, 
cnce  Llicre  mid  pariicidiirty  at  Arctiuip.-t  I  think  fully  justifies  our 
method  of  rensouing. 

Fcrmoncntly  nttaehed  to  the  wide  of  the  dome,  opposite  the 
shutter,  sliixdd  be  plaecd  the  cnrveil  rails  on  which  the  chair  ts  to 
tie  raised  and  lowered.  The  chair,  so-called,  is  ft  large  structure, 
more  nearly  eompnrahle  to  a  Ktiuill  room,  or  |>erha|m  better  still 
to  a  theatre  Ikix  It  is  furnished  with  an  invalid's  reclining  roll- 
ing chair  with  book  rack  attached  for  making  observations  near 
the  2enith,  with  several  ordinary  chairs,  a  case  of  drawers  for 
cyejrteccs,  etc.,  ii  tahle  and  book  shelves  for  a  reconler,  mean  and 
sidereal  clock  ilials  controlled  ctertricnlly,  and  with  suitable 
soamlers  which  can  be  tlir<Hvn  into  the  circuit  wlien  desired. 
Thcmoiion.H  of  the  finme,  shutter,  nml  chair,  which  latter  is  [lartly 
counterhnliincet)  by  weights  moving  upon  the  opposite  portion 
i»f  the  dome,  are  all  necessarily  moved  by  an  electric-motor, 
which  nmy  Ik*  contndled  from  the  chair.  The  telescope  wonld  l>e 
clnm[>ed  in  right  ascension  by  the  pressure  between  an  clectro- 
mngnet  and  its  armature  The  clamp  could  thus  l>e  instnntane- 
utmly  applied. 

The  telescope  itnelf  is  not  run  by  clock-work,  hot  by  a  small 
motor.  Since  e^-cn  a  large  tclcscojw  can  be  so  balanced  as  to  be 
readily  moved  with  one  hand,  it  is  evident  that  only  a  very  small 
motor  would  IK^  required  for  this  work,  one  for  instance  such  as 
might  Im*  employed  to  nm  an  ordinary  sewing  machine,  Such  a 
motor  would  hardly  need  a  separate  pier  from  the  tclcscoiie,  but 
if  found  best  one  could  be  provided  for  it.  The  speed  of  the  mo- 
tor would  l>c  regulated  by  a  tuning  fork  commutator,  which 
would  be  more  than  sufficiently  uniform  for  the  purpose.  (Figure 
8),  The  ntte  of  vibration  would  l»e  regulated  by  jaws  pressing 
npon  the  prongs  of  the  fork  neai  the  crotch,  and  the  length  of  the 
prongs  thus  regulated  by  a  micrometer  screw.  The  tuning  fork 
wnnid  Ik  placed  in  the  chair  beside  the  observer,  who  could  allow 
for  the  varying  refraction  of  the  star  he  was  olserving  by  a 
toDch  of  the  screw.    This  plan  would  have  all  the  advantages  of 
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the  pendulum  coutrol  above  described,  since  the  observer  would 
change  the  rate,  and  not  the  error,  ut'  his  driving  nieehunisni.  In 
short  the  ntotor  would  save  ex|>ensc,  save  space  and  sure  vi'ind- 
ing.  Thecx:  would  be  no  alow  motion  screw,  nu  pendulum,  dd 
revolving  fans,  no  bait  governor.  Vet  it  «eeins  as  if  it  would  give 
quite  as  ]^ood  result)*  as  the  driving  clock,  besides  being  far  more 
easily  and  conveniently  controlled. 

HARVARn  CoM.nCR  OnSRRVATORV, 

December  1,  tfl'jn. 
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The  National  Observalory  nf  the  Argentine  Repidilic  was 
created  by  nn  act  of  Congress  in  the  year  1869;  it  owes  its  incep- 
tion, however,  to  the  efforts  of  an  American  Astronomer,  Or.  B. 
A.  Oould.  of  Canibrid*;e.  It  was  the  life-long  desire  and  purpose 
of  this  distinguished  scientist  to  carry  onl  a  systematic  snr^'ev  of 
the  southern  heavens  between  the  parallels  of  23*^  and  80°,  and 
to  this  end  he  had  already  accumulated  a  fund  and  aecpdre*]  an 
instroniental  equipment  sufficient  to  warrant  his  undertaking, 
when  his  project  Iwcame  known  to  the  minister  of  the  Argentine 
Republic  in  this  country,  D.  Domingo  F.  Samiiento,— ihen  a  can- 
didate for  the  presidency  of  that  nation, — who  embraced  the 
idea  with  enthusiasm,  and  offered  his  powerful  aid  toward  equip- 
iiig  the  ex])editi(m  in  a  more  complete  manner  with  the  object  of 
establishing  it  as  a  permanent  national  iastitntion. 

Imnierliatcly  after  his  election  to  the  executive  chair.  President 
Siirmji-nto  jirocuretl  the  pfissaf^e  uf  the  act  already  mentioned, 
aceiunpaiiie<l  by  a  modest  appropriation  for  the  purchase  of  in- 
struments and  the  erection  of  a  suita-jlc  buildingto  contain  them. 
Dr.  Gould  was  at  once  appointed  Hirector  of  the  new  institution, 
and  was  authorized  to  nominate  four  ussistapt  astronomers.  1 
had  the  good  fortune  to  be  selected  as  one  of  the  assistants,  and 
arrived  in  Cordoba  with  my  colleagues  about  the  middle  ot  Sep- 
tember of  1870. 

The  instruments  purchased  by  Dr.  Gould  for  the  Obseri'atorj-, 
and  which  j-till  cimprisc  its  equipment,  were  a  meridian  circle 
with  +W-iocii  object'glass  by  the  Repsulds,  two  twelve  inch  lenses 
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by  Fitz  of  New  York,  one  of  them  corrected  for  the  photographic 
rays,  two  chronographs,  a  portable  equatorial  by  the  Clarks  with 
4^inch  glass,  a  comet  seeker,  Zollner  photometer,  a  repeating 
circle  with  tripod  by  Pistor  and  Martins,  a  sidereal  circuit  break- 
ing clock  by  Tiede,  various  chronometers,  barometer,  thermome- 
ter, etc. 

The  erection  of  the  buildings  was  begun  immediately  after  our 
arrival  upon  a  piece  of  land  ceded  for  the  purpose  by  the  Provin- 
cial government.  Much  delay  was  encountered  owing  to  the 
difficulty  of  obtaining  skilled  workmen ;  and  the  installation  of 
the  meridian  circle  was  not  effected  before  the  middle  of  the  year 
1872,  owing  to  a  blockade  of  the  ship  during  the  French  and 
German  war. 

The  Observatory  building  is  100  feet  in  width  by  80  in  length, 
and  terminates  in  domes,  of  which  the  east  and  west  ones  are  18 
feet  in  diameter,  and  are  connected  with  the  main  building  by  me- 
ridian rooms.  The  two  smaller  ones  on  the  north  and  south  are 
situated  directly  over  the  corresponding  entrances.  Adjacent  to 
the  Observatory  on  the  east  and  west  are  the  dwellings  of  the 
director  and  assistants,  respectively,  and  there  are  some  four 
acres  oi  land  in  the  enclosure,  which  is  now  under  irrigation. 
The  situation  is  in  the  immediate  neighborhood  of  the  city  of 
Cordoba,  on  the  south  margin  of  the  valley  in  which  the  city  lies, 
and  distant  one  mile  from  the  central  plaza.  Its  elevation  above 
this  is  100  feet,  nnd  above  mean  tide  in  liuenns  Aires  413  meters. 
On  the  west,  at  a  distance  of  about  ten  iniles,  a  range  of  moun- 
tains, whose  mean  elevation  al)t>ve  the  plain  is  1800  feet,  extends 
in  a  nearly  north  and  south  line,  and  distant  some  hfty  miles 
more,  there  is  a  parallel  range,  with  truncated  summit,  forming 
a  nearly  level  plateau  several  miles  in  width,  whose  mean  eleva- 
tion above  the  sea  is  nearly  0,000  feet.  To  the  north,  east  and 
south,  there  extends  an  unbroken  plain,  almost  treeless  and 
waterless,  where  the  ilrouth  is  sometimes  prolonged  over  six 
months  at  a  time.  It  has  happened,  various  times,  thiit  tlie  river 
Primero,  which  is  the  natural  outlet  for  all  the  water  in  the  val- 
leys between  the  mountain  ranges  which  1  have  mentioned,  has 
run  dry  immediately  below  tlie  city. 

It  was  owing  to  these  conditions — a  dry  transparent  atmos- 
phere, and  a  generaiiy  cloudless  sky^that  Cordoba  was  selected 
as  the  site  for  the  Oljscrvatory.  It  is  besides,  nearly  centrally  sit- 
uated with  respect  to  the  boundaries  of  the  Kepublic,  being  dis- 
tant 2'iV"  19'  from  Buenos  Aires  on  the  east  iind  less  tlian  20'" 
from  Mendoza  on  the  west.    The  climate  is  in  general,  exceed- 
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tngly  plcnsanl,  being  equally  free  from  tlie  titiltnnesit  of  the  sam. 
nier  nij^lils  hi  these  latitudes,  niul  the  extreme  rigor  of  ytmr  Iotjr 
and  tecliotis  winters,  with  their  cmiseciiient  discomforts  to  ilie 
worhinR  nstrononier.  It  is  n  ncarl^v  ideni  location  for  an  Obscrv- 
ntory,  in  short,  and  the  promise  made  by  President  Sannicnto 
And  his  Confess,  to  protect  and  maintain  the  institution,  hi\s 
never  liecn  broken  nor  ignoretl  by  any  of  their  successors  nndcr 
whatever  stress  of  cirenmstances.  My  long  rcsi<ienee  in  the 
country  has  Irteu  invariably  agreeable  and  pleasant,  and  my 
intercourse  with  the  citizens  of  all  classes  in  different  parts  of  tlic 
Republic,  enables  me  to  te&tify  to  their  manj*  noble,  generous  and 
brilliant  quaJitics. 

During  the  i>eriod  embraced  between  onr  arrival  in  Cordoba  and 
the  mounting  of  the  Meridian  Circle,  our  energies  were  directed 
towards  the  elaboration  of  a  Urajittmctry  which  should  contain 
the  trtic  magnitudes  and  positions  o(  every  star  as  briglit  as  7.0 
mag.  in  the  region  of  sky  extending  from  the  south  pole  to  ten 
degrees  north  of  the  equator.  The  estimates  of  magnitude  were 
liascfl  upon  the  scale  employed  by  Argelander  for  his  iTimometry 
of  the  northern  heavens,  in  onlcr  that  the  results  should  be 
directly  comparable,  but  our  linal  magnitudes  resultetl  from  the 
mean  of  at  least  two  independent  estimates  of  the  same  star  by 
dtfferrnt  observers  upon  a  scale  of  tenths.  Kvcry  part  of  the  sky 
was  examined  Iwiee  at  least  lor  identilications  and  magnitudes 
by  diflercat  olwervcrs.  and  where  the  estimates  of  magnitude  dif- 
lered  considertibly ,  new  nncK  were  made.  Great  care,  entailinf*  ad- 
ditional labor,  was  accessary  for  the  correct  identification  *if  Ihe 
stars  in  or  near  the  clusters,  or  where  the  magnitudes  as  given  in 
the  existing  eatah^gues  were  erroneous,  and  considerable  discor- 
dance arose  between  the  estimates  of  the  various  ol>8crvei-s  in  the 
cases  of  colored  stars;  but  alter  we  had  gnincil  the  profier  skill  by 
persistent  iinictiee,  the  average  difference  of  our  csltmales  did  not 
exceed  two-tenths  of  a  magnitude  for  the  white  stars.  After  the 
stars  had  all  been  j>latted  upon  the  final  charts,  I  again  com- 
pared them  directly  with  the  sky,  for  possible  errora  of  identifica- 
tion or  omissions,  and  obtained  new  estimates  of  magnitude 
where  these  were  desirable.  The  intimate  acquaintance  with  the 
southern  constellations  which  1  acquired  in  this  wa^'  has  always 
remainetl  one  of  the  chief  pleasures  tff  my  life. 

Argebinder's  rranometry  represents  the  utmost  reach  of  bis  vis- 
ion, and  I  believe  he  prided  himself  im  the  fact  that  nil  his  esti- 
mates of  magnitude  were  made  by  his  unaided  eye.  In  the  I'ran- 
otnctria  Argentina,  the  lowest  limit  is  a  fixed  round  magnitude, 
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faintly  visible  on  a  clear  night  to  a  good  eye,  but  not  based  upon 
any  particular  one,  and  our  estimates  for  the  fainter  stars  were 
made  with  the  aid  of  an  opera  glass,  necessarily.  It  would  have 
been  impossible  otherwise,  to  make  an  exact  alignment.  The 
Urancmetria  Argentina  also  gives  the  fir^t  attempt  at  bounding 
the  constellations  by  meridians  and  parallels;  or,  in  other  words, 
giving  them  boundaries  thatcan  be  exactly  described  and  located. 
The  work,  although  ccmiplete  in  its  essential  features  by  the  end 
of  1872,  was  not  entirely  satisfactory  until  the  year  1877,  when 
I  brought  the  maps  to  New  York  to  be  printed. 

With  the  installation  of  the  meridian  circle  in  1872,  prepara- 
tions were  at  once  made  for  the  great  undertaking  of  the  Observ- 
atory. At  the  time  of  our  advent  in  the  southern  hemisphere, 
there  was  neither  a  trustworthy  Lranometry  nor  catalogue  of 
stellar  positions  that  could  lay  claim  to  completeness  and  exact- 
ness in  existence.  Such  catalogues  as  had  been  published  were 
distributed  almost  at  random  among  the  brighter  stars  of  that 
immense  region.  On  the  northern  limit  Argelander  had  pushed  his 
zones  across  the  low  altitudes  to  the  parallel  of  30°,  and  the  re- 
gion lying  within  20°  of  the  south  pole  had  been  observed  by 
Gillis  in  Santiago.  The  intermediate  region  was  occupied  by  cat- 
alogues, which  were  either  of  a  partial  or  defective  nature,  and  of 
epochs  ranging  from  Lacaille's,  in  17">0  to  Eliery's  excellent  ob- 
servations at  Melbourne,  but  none  of  them  gave  even  on  approxi- 
mate idea  of  what  might  be  beyond  the  limit  of  visibility,  and 
they  were  all  totally  inade(|uate  for  the  requirements  of  determin- 
ing the  course  of  any  movable  body.  Until  the  completion  of  our 
zone  observations  we  were  compelled,  when  observing  planets 
and  comets,  to  use  ancmymous  stars  for  the  larger  part  of  our 
comparisons,  and  this  still  holds  true,  though  in  less  degree,  when 
we  pass  to  the  north  of  the  limit  of  the  Cordoba  Zones.  Within 
that  limit,  however,  the  retiuircmcnt  of  a  conveniently  situated 
and  well  determined  point  of  comparison  for  any  given  moment  is 
now  very  nearly  met ;  certainly  in  the  large  mtijority  of  cases. 

At  the  express  desire  of  Argelander.  T  believe.  Dr.  Gould  began 
his  zone  observations  with  the  parellel  of  23°,  and  then  giadually 
proceeded,  by  convenient  distances  in  declination,  with  generous 
laps,  to  the  northern  limit  of  Gillis's  eircumpolar  work.  The  <lu- 
ration  of  the  zones  averaged  nearly  two  hours,  and  liit-re  were 
three  of  these  observed  upon  every  clear  night.  An  indispensable 
requirement  . 'it  the  beginning  nnd  end  of  each  night's  work  and 
during  the  intervals  of  rest  by  Dr.  (>ould  between  zones,  was  the 
rigorous  determination  of  all  tlie  instrumental  and  cluck  correc- 
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tiuns.  At  tlitr  same  timcsucb  iitars  iis  vvtm:  conveniently  sitiiiitcd 
for  observation  daring  tlicsc  intervals  were  incladcd  in  the  regu- 
lar prDj;raiiunc  ol  the  night's  work.  These  were  oliscrvcd  over 
eleven  threads,  nil  the  four  micmscopes  were  read  for  the  declina- 
tion co-ordinate,  The  ohttcrvutions  were  made  by  two  assistants 
detailed  tor  the  night,  who  alternated  with  the  zr»ncs. 

Only  one  inicrowoije  was  read  Utr  the  zone  observations,  and 
only  one  reading  of  ihe  microscope  was  made  for  each  stnr,  bat 
tliis  was  alterwards  lefeireil  to  the  mean  of  all  the  four  micro- 
ccopes,  which  were  carefully  read  for  both  north  and  south  limit 
at  the  beginning  and  end  of  each  zone.  The  transits  were  usually 
over  OTie  tally  only,  consisting  of  either  three  or  (ivc  threads, 
but  in  the  lajra.  or  where  it  Kceined  desirable  to  re-observe  a  Zfmc. 
many  observations  were  duplicated  and  sonic  stars  hn\*c  lieen 
observed  as  many  as  five  times.  All  the  observations  at  the  tele- 
scope— transits,  declinations  and  magnitudes — were  made  by  Dr. 
Gould;  the  assistant  made  the  mtcr(>sco|>e  bisections  and  re- 
corded them,  the  magnitudes,  name  of  tally  employed  aud 
appru.\imate  tiuie  of  transit.  The  transits  were  made  at  any 
convenient  part  of  the  tieid,  but  the  settings  in  declination  were 
always  referred  to  the  zero  of  the  two  fixerl  horizontal  threads. 
The  transits  were  recordeil  directly  upon  the  chronograph  by  the 
observer,  ami  four  complete  recor<ls  ot  as  many  stars  could  l>c 
made  in  a  minute  when  the  stars  were  at  all  evenly  distributed. 

By  this  method,  each  ?tar  wa^i  as  inde|>endently  observed  as 
though  it  constituted  the  entire  zone,  aud  in  all  the  various  re- 
ductions up  to  tlie  Hiial  one  i*f  mean  epoch,  it  whs  so  treated. 
Cnnse(|uently,  the  only  eiTor  aflecting  the  adopted  places  is  the 
inevitable  one  of  observation,  as  affected  by  blurred  or  unsteady 
images  or  fatigue  of  the  observer's  eye.  Taken  as  a  whole,  and 
consiileiing  the  nature  of  the  work,  they  seem  to  me  to  be  a  re- 
markably fine  series.  The  zones  were  finished  in  1875.  More 
than  lUlt.OOti  complete  observations  had  been  made  in  that  time. 

Growing  out  of  the  small  beginnings  between  zones  and  the 
partially  clouded  nights,  when  some  observations  were  imprac- 
ticable, and  advancing  to  full  swing  when  these  were  completed, 
arose  the  structure  of  our  General  Catalogue  of  rigorous  po- 
sitions, which  was  finished  in  1860.  The  olwcrvations  and  rcdue- 
ti(»ns  for  this  catalogue  were  made,  almost  exclusively,  by  the 
assistant  astronomers,  and  every  operation  w.'is  performed  with 
ad  the  care  and  detilxTation  required  in  fundamental  work.  In 
the  beginning  we  employed  three  minutes  of  time  and  the  services 
of  two  assistants  to  record  a  complete  oliscrvaiion,  i,  e.:     11 


tnuisits  for  the  entaluguc  and  circumsolar  stars,  17  for  the  time 

stars,  ntifl  four  rnicroMitjpc  readings.    As  tht  work  procccdtd,  thi» 

, Trttcn-nJ   wns  rctluccd   Ud   two   minuttns.  which  was  found  to  be 

,  ■mply  au0icient  tu  insure  accurate  work,    Our  workinjj;  lutt  of 

starts,  which  was  collectttl  hy  Vr.  Gimld,  contnincrl:     1st.  nil  the 

visible,  t"raiioincli'>-,  stars;  2d,  fuiutcr  utarst  from  tlic  published 

iCAtnlOMuc«;  3d,  anomyons  stars  which  had  l>cen  noticed  during 

th-  '  of  the  wOrk,  inu!  finallv.  Zone  stars.    It  is,  therefore,  a 

Ctf  _  .Tlahigiie  ill  the  titcra!  *ctise  of  the  wurd,  hecnuse  it  in- 

chidea  at)  the  stars  cotitaiucd  in  every  southern  cutalaguc  except 

tbtC"        "  ■^.    The  numlwr  nf  complete  ol>¥ierv,Mtions  nmdc 

for  it  <.  •.ni.iu.  hcKinning  with  tlie  middle  of  1872,  and 

codiug  with  1880. 

{-  ,  (ly  with  the  cat.'duj^nes  nientioneil.  a  large  iiundHT  ot 

pi:  lid  comets  were  observed,  the  gcoj^rnphical  cb-on)itmtea 

of  tbr  Observatory  and  of  most  of  tlie  capitals  of  the  VHrioun 
provinces  and  the  river  ports  were  deterriiiiicd  i  "  ■  ihiadly. 
And  an  extensive  series  of  piH)tt>grapiis  of  the   [■:  i     stelL-ir 

dusccm  and  double  stars  was  obtained. 

At  the  beginning  of  the  year  ISSH,  Dr.  Gould,  who  hatl  so  ad 
nurably  and  successfully  directed  the  uOnirs  of  llic  Ohservntorj- 
from  its  1>eginnin|2,  steadfastly  guiding  its  course  ntnid  inuumer- 
af«'      '    '  '  ■     ,  difficulties  and  personal  afflictions  toward  the  ac- 
CiM    .  I    -»f  the  task  which  he  had  set  for  himself,  was  com- 

pelled to  yield  to  the  severe  strain  upon  bis  health,  and  retired 
crowned  with  honors  and  the  hiurcls  of  a  sernce  to  astronomy 
-which  has  probably  never  been  snrpatised  by  any  other  man.  In 
hit  final  memorial  to  the  minister,  he  briefly  outlined  the  course 
which,  in  his  opinion,  it  would  be  most  advantageous  to  follow 
id  the  interests  of  astronomy,  and  it  has  been  my  aim.  as  his 
soccessor,  to  confonu  to  this  as  closely  as  circumstances  would 
permit.  I'pfortunately  the  financird  crisis,  which  had  not  then 
begun,  has  since  grown  into  such  proportions  that  we  are  now 
comiicllcd  to  struggle  along  under  a  greatly  reduced  appropria- 
ti-'  ninally  the  same,  but  really  two-thirds  less. 

t  '  "'ing  the  observations  of  comets  utul  planets.of  whtcb  we 

have  already  accumulated  several  thousands;  the  determinations 
of  latitude  and  longitude  in  various  parts  of  the  republic;  phuto< 
metric  and  photographic  work;  and  various  special  jirublems  for 
the  solution  of  which  our  aid  was  solicited  by  the  foreign  astron* 
orocre,  our  chief  aim  has  always  been  to  ex]>Iore  the  region  of  sky 
which  is  distinctively  our  own,  and  to  this  end  we  have  begun  the 
extension  of  the  northern  Durchmnsterungs  from  the  limit  to 


which  tliey  hail  bci-n  carried  by  tlie  ustrououiers  .it  Utinn.  Oul 
ul>H:rviit)OTiM  nt  present  iiumtK-r  uvcr  one  milliun.und  give  the  n]>- 
proxlmul-e  positiun  and  nm^itudtf  of  every  star  duwn  to  the 
10th  magnitude  in  the  belt  of  the  beaveim  comprised  l>et\vecn  22"* 
and  *I-2  of  south  decHnaliou,  some  a-W.OOO  in  numlier.  The  tirat 
volume  of  these  results  has  been  published  and  distribntcd,  and 
the  second,  together  with  n  series  of  12  charts  covering  the  re- 
gion, will  be  huislied  about  the  bcgioning  of  the  coming  year. 
The  une.xpectedne:ss  of  my  leave  of  absence,  and  the  suddenness 
with  which  1  availed  myself  o(  it,  interrupted  an  investigatioii  of 
the  distributiou  uf  tlie  stars  upon  which  I  was  engaged,  and 
here  I  have  had  little  inclination  to  take  up  any  work  during  my 
sliort  leave  after  Iti  years  of  coutinumis  duty.  I  think,  htjwever. 
it  can  be  shown  from  our  resuks  that  the  law  of  equable  distribu- 
tion holds  good  down  to  our  lowest  limit. 

Meridian  otiservations  for  rigorous  stellar  j^Hisitiotts  have  )>een 
continued  as  before,  and  these  now  numt>er  sotnethitig  over  60,- 
000,  all  well  advanced  in  the  reductions.  I  have,  besides,  revised* 
corrected  and  published  seven  volumes  of  meridian  observationB 
in  manuscript  which  Dr.  (^nuld  conlided  toniycare,notwithstand- 
tng  the  great  falling  olT  in  our  appropriation.  Sixteen  volumes, 
in  nil.  have  been  published,  and  there  is  material  ready  for  five  or 
six  more. 

I  thiuk  most  astronomers,  e£|Kcially  those  of  maturer  age  and 
experience,  will  agree  that  our  time  and  means  have  been  w'ell 
and  diligently  employed,  whatever  lack  of  brilliancy  there  may 
be  in  the  achievement.  What  we  have  accomplished  was  done  by 
concentrating  our  energies  and  directing  them  upon  one  distinc- 
tive object.  There  lias  never  been  more  than  one  director  at  a 
time  in  our  Institution  and  the  principle  seems  to  have  worked 
well. 


PROPER  MOTIONS  OP  DOUBLE  STARS.* 


S.  W    BOKNHAM. 
1. 

There  arc  many  double  stars,  so-called,  where  the  change  in 
the  position  is  obviously  the  result  of  proper  motion.  Strictly 
speaking  these  are  not  double  stars  so  far  as  the  distant  compo< 
nents  are  concerned.    Most  of  these  examples  are  from  the  cata- 

"  Comtnonkatcd  by  thr  author. 


Herwhels  and  the  Btruves.  In  moiiic  oI  thcsf  wide 
pairs,  one  or  the  other  of  the  eoiiitM>nciits  Una  hfcn  found  in  re- 
cent years  to  t>c  a  close  P'^ir,  thus  nmkinj^  a  real  double  star,  and 
^■■-■■-  :ii-sa  niofit  important  physical  svstciti.  The  meHsures  of 
I  -umt  optical  ctimpnnions,  however,  wrvc  the  puqiuHc  of 

IpviUKavery  accurate  determination  of  the  relative  proper  mo- 
lioM.  In  somt  instances  it  is  certain  that  this  l>eloiig8  entirely  to 
the  principnl  star;  and  in  ni08t  of  the  rcniainin^  cx:un]iles  it  is  jit 
IcJisl  highly  probahic  that  this  is  true  of  theni. 

In  my  oh8cr\'ati<)ns  of  new  pairs,  I  have  as  fm  :i>  iiriKiitalilc 
niCHsured  -•in  (.lutside  star,  when  there  linnpcnei'l  to  be  one  near 
enough  for  convenient  menstircment  with  the  micrometer,  in  or- 
der to  determine  in  the  future  any  projKT  motion  that  inifiht 
cidst.  Many  of  these  stars  have  already  shown  unmistakahle 
rectilinear  niutiun.  and  in  itomc  instances  the  data  is  suRicient 
to  give  the  amount  and  direction  of  this  movement. 

I  have  iiive»ti}^ated  many  of  tlicse  stars  from  the  various  cata- 
logues, and  propose  to  Kive  here  some  of  the  results.  Wc  already 
know  the  proper  motions  of  many  optical  and  physical  pairs 
from  positious  with  the  raeridinii  circle,  l>ul  only  stars  wlierc  the 
mutton  is  large,  and  the  annual  change  half  a  second  and  n|i- 
wrnrds,  1  shall  therefore  give  here  as  a  nde  (inly  stnrs  whose 
projwr  motions  have  uol  l>een determined  Iruni  meridian  observa- 
ttoas.  While  these  iiunntitics  in  most  of  the  iilars  are  small,  and 
would  be  very  uncertain  if  the  values  de]>ended  upon  positions 
w-ith  the»meridian  eirele.  there  can  be  no  doulu  of  the  substan- 
tial accuracy  of  the  results  when  based  U]K>n  measures  with  the 
r\-'---  -  ter  by  experienced  observers,  and  it  is  not  probable  thiit 
'  ions   in  the  future   will   materially  change  these  move- 

ments.   The  graphical  methoit  has  been  used  throu>;hout. 

No.  1.    ^  OUU.    01  Anurombu^. 

In  1S72  I  found  with  the  ti-inch  that  a  9  mag.  star  in  the  held 
with  (u  Andronmlff-  had  a  small  attendant;  and  in  lUHl  with 
the  12-inch  at  Mt.  Humiltun  1  discovered  a  dose  companion  to 
the  large  star.  So  we  have  a  c|uadrup!e  group  of  two  pairs  sep- 
arated by  a  distance  of  130".  The  measures  of  the  brighter 
comi>oncnt  of  the  fainter  pair  commence  in  IKHI,  and  end  in 
1891.  There  has  been  absolutely  no  change  in  the  direction  of  C. 
but  the  distance  has  diminished  a". 3  during  this  time.  From 
thcAc  measures  we  get  0".300  in  the  direction  of  110°.3  as  the 
annual  proiicT  motion  of  A.  The  proper  motion  given  by  Stumpe 
from  meridian  observations  is  0".348  in  107". 0.    1  have  included 


tilis  stnr  in  my  list  becftuse  of  this  cliangc  in  the  value  of  the 
proper  motion.  The  close  attendant  to  the  principal  star  cer- 
tainly  shares  in  this  motion.  It  is  therefore  a  physical  system, 
iind  certain  hereafter  to  be  of  spccinl  interest.  It  has  already 
moved  S'*  in  position  anj^le  around  the  other  star,  the  distance 
remaining  constant. 

No.  2.      ft  1101.      If' CA»SHiVKt^. 

This  star  has  two  distant  companions,  discovered  by  Herschel 
in  1783.  Stnive  gave  the  magnitudes  8.9  and  9.5.  The  brighter 
is  now  28"  from  t-  These  small  stars  (CD)  form  a  3"  pair.  In 
1889  I  found  a  close  companion  of  13  mag.  at  a  distance  of  3" 
from  the  bright  star,  so  that  now  we  have  a  quadruple  group 
consisting  of  two  pairs  28"  apart. 

The  measures  of  C  cover  a  period  of  something  more  than  a 
centurji'.  The  measures  of  Herschel.  Struvc,  I^embowski,  Hall 
and  Burnhani  give  for  the  annual  proper  motion  of  \  0".0ti3  in 
the  direction  of  67°.6.  There  has  been  no  change  in  the  Struve 
pair  (CD).  These  stars  arc  relatively  fixed,  and  probably  make 
an  optical  pair.  It  is  impossible  at  this  time  to  say  positively 
whether  or  not  the  new  star  has  the  same  proper  motion  as  A. 
The  second  set  of  measures  in  1801  showed  a  diixrct  motion  in 
angle  of  about  4-°,  with  a  little  diminution  in  the  distance.  This 
change  does  not  correspond  to  the  proper  motion  of  A.  and  it  is 
probable  that  these  stars  nialce  a  binary  system. 

No.  3.    fi  487. 

The  wide  pair  is  i*  17.  The  components  are  ath  and  9th  mag^J 
nitudes,  and  the  distance  27".  B  was  discovered  to  be  double  io 
187S,  the  new  companion  being  very  faint,  and  2"  fi-otn  the 
other.  My  nicnsurea  of  BC  in  1891  show  a  small  increase  in  the 
distance,  but  this  may  not  be  real.  The  measures  of  the  wide 
pair  by  Stnive,  Dembowski  and  myself  give  the  annual  proper 
motion  as  0".010  in  the  direction  of  209*'.4. 

No.  4.    /3  643. 

The  wide  pair  is  2  2342.  the  principal  star  being  about  6  mag.  J 
and  the  companion  nearly  9  mag.,  at  a  distance  of  29".  In  187S 
I  found  a  mncb  nearer  and  extremely  faint  companion  about  9" 
from  A.  The  measures  of  C  from  1830  to  1891  give  a  proper  mo- 
tion of  0"-052  in  the  direction  of  144*^-0.  My  measures  of  B  in 
1878  and  1891  show  an  apparent  displacement  of  that  star,  in 
substantially  the  same  direction  as  the  other,  of  0".043  annually. 
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As  this  is  a  very  faint  star,  and  difficult  to  measure,  and  the  ob- 
serrations  cover  only  a  short  interval,  it  is  safe  to  conclude  that 
these  companions  are  relatively  fixed,  and  that  the  movement  is 
in  the  bright  star.  The  value  and  direction  of  this  motion 
should  be  taken  from  the  measures  of  C,  with  respect  to  both 
companions,  therefore  this  star  has  no  further  interest  as  a  dou- 
ble star. 

No.  5.    /S  582. 

This  is  another  of  the  wide  Struve  pairs  (2  1179).  There  is  no 
sensible  difference  in  the  magnitudes  of  the  components.  Struve 
rated.them  8.5  mag.,  and  in  my  last  measures  in  1891  I  called 
them  8.7  mag.  The  distance  now  is  about  20".  In  1878  I  found 
that  B  was  double,  baving  a  very  minute  attendant  at  a  distance 
of  3".7.  The  measures  of  AB  by  Struve,  Dembowski  and  Bum- 
ham  give  an  annual  proper  motion  of  0".032  in  the  direction  of 
17'*.0.  As  there  is  apparently  no  change  in  BC,  the  change  in  the 
wide  pair  is  due  to  the  motion  of  A. 

No.  6.    /3  511. 

This  is  very  similar  to  the  last  named  pair.  A  and  B  constitute 
2  171,  each  8.5  mag.  and  now  abqut  30"  apart.  In  1878  I 
found  a  12  mag.  companion  3". 7  from  B.  The  measures  of  the 
three  observers  mentioned  in  the  preceding  pair,  give  for  the 
proper  motion  of  A  0".042  in  the  direction  of  6^.2.  There  has 
been  no  certain  change  in  BC. 

No.  7.    fi  633.    y  Dkaconis. 

This  is  only  an  optical  pair.  The  companion  is  13  mag.  The 
interval  is  too  short  to  give  as  accurate  a  value  of  the  proper 
motion  as  that  found  for  the  other  stars  in  this  list.  Still  it  must 
be  approximately  correct.  My  measures  give  0".01G  for  the  an- 
nual movement  in  the  direction  of  283°. 0. 

No.  8.    yS  825. 

The  wide  pair  is  2  2268,  the  components  being  about  20" 
apart.  In  1881  I  found  a  new  companion  between  these  stars. 
The  change  in  the  Struve  star,  as  would  be  expected,  is  clearly 
due  to  proper  motion.  From  the  measures  of  Struve,  Madler, 
Dembowski,  and  three  sets  of  my  own  measures  from  1881  to 
1891,  I  find  the  annual  displacement  of  A  is  O".05O  in  the  direc- 
tion of  345°. 9.  The  measures  of  B,  which  cover  a  period  of  ten 
years,  do  not  appear  to  indicate  any  sensible  change  with  refer- 


eacc  to  A,  but  the  new  xtar  w  only  13  mAg.  and  i>nch  an  annual 
motion  might  not  ht- apparent  in  so  short  n  time.  If  these  stnrs 
are  relatively  fixed,  it  would  tend  to  show  that  the  proper  mo- 
tion was  in  C  rather  than  A. 

No.  Q.    fi  GOO. 

The  wide  pair  was  first  nptcd  by  Sir  William  Herachel,  and  it 
was  measured  by  South  and  Herschel  in  1823,  the  stars  then  be- 
ing 67"  apart  In  1S7S,  the  ISVg-tnch  showed  a  close  component 
to  the  principal  star,  which  appears  to  have  considerable  angular 
motion.  The  only  measure  of  the  distant  star,  since  those  men- 
tioned above,  were  made  in  1S78  and  1«92,  by  the  writer. 
These  observations  show  an  annual  proper  motion  of  C.OIG  in 
the  direction  of  99'^. 0.  The  fn-incipal  star  is  just  visible  to  the 
naked  eye. 

No.  10.    A  SIS. 

The  principal  star  is  nearly  8H  magnitude,  and  the  companion 
lOVi,  at  u  distance  of  6".4  at  the  time  of  discovery.  The  rela- 
tive motion  is  clearly  rectilinear,  and  the  value  should  be  accu- 
rately known.  The  measures  from  18S1  to  1892  give  an  annual 
raoTcmcnt  of  O'MG  in  the  direction  of  14-2''.9. 

No.  11.    A  497. 

This  is  a  distant  companion  to  a  sixth  magnitude  star(Ii  .A,  C. 
239).  As  the  close  double  companion  is  comparatively  a  faint 
star,  the  motion  probably  belongs  to  A.  which  is  120"  from  BC. 
My  own  measures  aud  those  of  ISngelhardt  give  for  the  annual 
motion  0".206  in  the  direction  of  330^5. 

No.  12.    H.  V  18.    «  Cassiopbui. 

There  arc  two  companions  nearer  than  that  noted  by  Uerschcl. 
in  1781.  The  nearest  is  17"  distant,  but  the  only  measures  ai-e 
those  made  at  Mt.  Hamiltun  in  ISB9.  I'or  the  distant  star  the 
measures  extend  over  a  period  of  more  than  a  century.  Her- 
scbcl's  positions  seems  to  be  substantially  correct.  Tlie  proper 
motion  is,  therefore.  0".093  in  the  direction  of  12S°.S. 

Ko.  13.    i"  23. 

The  principal  star  is  7.C  mag.  and  the  coinpiinion  It, 9  mag. 
When  Struvc  lirst  measured  this  pair,  the  distance  was  nearly 
14".    U  is  now  but  Utile  more  than  6".    The  best  measures  are 
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very  accordant,  and  give  a  proper  motion  of  0".114.  in  the  direc- 
tion of  14°.4. 

No,  14.    2  44. 

The  magnitudes  of  these  stars  according  to  Struve  are  8.3  and 
9.0.  At  the  time  of  the  first  measures,  they  were  nearly  8" 
apart.  Some  of  the  observations  arc  discordant,  but  the  results 
found  by  the  best  observers  show  exact  rectilinear  motion. 
These  measures  give  for  the  annual  movement  0".032  in  the  po- 
sition-angle of  111°.0. 

No.  15.    i'86. 

This  is  a  12"  pair  of  small  stars,  8.0  and  8.7  mag.  The  obser- 
vations are  numerous,  and  the  rectilinear  motion  very  decided. 
These  measures  give  0".049  in  the  direction  of  274'*.7  as  the 
annual  proper  motion. 

No.  16.     :S118. 

This  is  a  10"  pair  of  8.5  and  9.4  magnitude  stars.  The  meas- 
ures down  to  1888  give  a  proper  motion  of  0".047  in  the  direc- 
tion of  310°.3. 

No.  17.    ^  133. 

The  principal  star  is  7  mag.  and  lias  two  distant  companions 
which  were  mentioned  by  Struve.  The  nearest  at  that  time  was 
29"  distant.  These  stars  are  respectively  10.5  and  10.8  magni- 
tude. From  the  measures  of  Struve,  Dcmbi)wski  and  Hall  we  get 
for  the  proper  motion  of  A  0".019  in  the  direction  of  221°. 8.  As 
both  companions  give  exactly  the  same  result,  it  is  certain  that 
the  change  is  all  in  the  principal  star. 

No.  18.     :^  143. 

Struve  gives  the  magnitudes  as  7.7  and  9.0.  The  distance  at 
the  time  of  the  first  measures  was  aljout  30".  The  observations 
of  Struve,  Dembowski  and  Burnham  give  a  proper  motion  of 
0".085  in  the  direction  of  187°. 3.  There  was  a  lime  when  these 
stars  were  only  1".5  apart. 

No.  19.     :S197. 

The  measures  cover  a  period  of  fifty  years  and  are  very  consis- 
tent. From  them  we  find  a  proper  motion  of  0".102  in  the  posi- 
tion-angle of  50^^.6.    The  resi)ective  magnitudes  of  7.3  and  8.3. 
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There  is  u  resolution  of  the  Pemmncnt  Comoiittet  that  each 
co-opcratiog  Observatoryshall  annanlly  report  to  the  Committee 
the  work  accomplished  during  the  year.  Though  as  yet  no  such 
reports  have  been  pubhshed,  it  is  othenvisc  known  that  satisfac- 
tory progress  is  being  made  with  the  taking  of  the  "  Catalogue  " 
plates,  that  is,  the  plates  of  short  ejtposure  (G  min.,  3  min.,  and 
20  sec.)i  which  will  "  render  possible  the  construction  of  a  Cata- 
logue."  Many  Observatories  have  as  yet  taken  no  plates  of 
long  exposure  (40  rain.)  at  all,  and  those  Observatories  which 
are  carrying  out  the  complete  scheme  ha%'e  naturally  found  the 
number  of  Catalogue  plates  increase  more  quickly  than  the  num- 
ber of  chart  plates.  It  may  therefore  be  hoped  that  the  Cata- 
logne  series,  at  any  rate,  will  soon  be  completed,  although  it  may 
be  some  years  before  the  Chart  plates  are  all  taken. 

It  becomes  necessary  to  consider  tlie  reproduction,  measure- 
ment, and  publication  of  the  plates  more  definitely.  Plans  al- 
ready proposed  have  been  criticised  somewhat  stronglj"  in  this 
magazine  on  the  ground  that  they  were  too  ambitiouB.  There  is 
a  wide  distinction  between  what  you  would  like  and  what  you 
can  get.    I^erhaps  the  former  might  be  summed  up  as  follows: — 

Reproduction. — Enlarged  copies  on  plate-glass  of  all  the  plates 
to  be  made  by  photography  and  distriliuted  to  all  Observatories. 

Measurement. — The  coordinates  and  magnitudes  of  all  stars 
on  the  "Catalogue"  plates  to  be  measured  several  times  for  all 
three  images. 

Reduction. — All  tlie  measures  to  be  corrected  for  the  various  er- 
rors and  reduced  to  R.  A.  and  Dccl.  1900,0.  Incidentally  a  laT;ge 
number  of  meridian  observations  to  be  made  in  order  to  deter- 
mine the  places  of  at  least  five  stars  on  each  plate  at  the  epoch 
1900.0  to  within  1". 

PuNicathn  ~li\\  this  work  to  be  published  in  detail,  with  a 
final  Catalogue  of  the  2,000,000  st«rs. 

This  programme  is  of  course  purposely  made  extravagant; 
and  yet  much  might  be  said  in  favor  of  all  the  items.  It  is  a  max- 
imum programme,  and  could  never  be  carried  out.  It  has  the 
great  merit  of  simplicity,  and  any  deviation  from  it  immediately 
raises  Cjue&tions.  Such  questions  are  best  settled  by  haviug  a  def- 
inite issue  propounded,  and  without  further  preamble  {we  have 
lately  learned  to  look  upon  preamble?  with  suspicion,  as  contain- 
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iog  what  is  inconvenitmt  to  put  in  the  bill)  we  offer  the  following 
t  ime  for  criiicipm.    It  will  be  convenient  to  rearrange  the 

'  i  :  the  gectioMS  as  followit: — 

Aieasanemcnt.— If  it  be  adinittetl  that  flccnrate  and  complete 
measarement  of  nil  Htnrs  tm  the  CntoIoKiu*  pintes  is  impfMRihIe. 
the  work  may  bc^limitcd  in  two  directions  : 

(1)  Accurate  meaRurement  may  be  retained  for  n  select  nomber 
of  stars. 

(2)A  11  the  fttars  ntny  Ik  menstired  with  a  aacrilicc  of  ncciirncy. 

A  third  course  would  be  to  combine  the  two. 

til  this  article  thceomparntive  ndvnntages  of  the  three  courses 
cannot  be  dwelt  upon  \\V  prnpitic  the  srrniul  fnr  the  folliiwing 
reasons: 

An  ficcnrncy  aboni  equal  to  that  ol  the  Ke vised  Oiinrli- 
musterung,  which,  as  M.  Loewy  has  so  well  pointc<l  out,  should 
be  oar  biuris.can  be  attained  with  very  little  labor.  The  places  i>f 
the  stars  may  prncticnlly  he  read  out  by  one  person  and  written 
down  by  another  nearly  ns  fast  as  he  can  write.  A  scale  (or 
scales)  in  tlic  eyepiece  of  n  niicrosco|ic  divided  to  0.1  mm.  or 
0.05  mm  will  enable  an  observer  to  call  out  at  sight  the  place  of 
star  to  0.01  mm.  or  0.005  mm.  by  estimation.  Or  the  images 
might  be  thrown  on  «  screen  and  mentttired  with  a  foot-rule. 

ff(Y/uctfo«. —  Mr.  Turner  ]iointwl  out  Inst  month  that  the  rcct- 
nngidar  coordinates  f»f  a  stor  on  a  plate  arc  for  many  piirpoHct* 
more  nsefu]  than  R.  A.  and  Decl.;  and  has  deprecated  the  waste 
of  labor  in  redncing  surh  coordinates  to  R.  A.  and  Dccl.  unless  ab- 
solutely necessary. 

There  is,  however,  one  Cjuestion  to  be  settled.  Each  star  occurs 
on  two  plates,  and  th^mgh  it.^  cnJirdinntes  on  one  plate  arc  trans- 
formable into  those  on  the  other  hj-  simple  formulic,  it  remain!*  to 
be  decided  how  much  of  this  traiisformntion  is  to  be  done  before 
publication  of  the  rcsuUs,  and  how  much  is  to  be  left  to  tlie  fu- 
ture. Now  it  must  be  remembered  that  although  the  rfseau  linen 
of  the  two  plates  containing  the  same  star  are  nearly  parallel  in 
the  vicinity  of  the  cquatof,  they  are  sensibly  inclined  at  a  dn- 
tance  from  the  equator;  and  thus  the  differences  of  the  rectangu- 
Iftr  eo(5rdinAtes  of  a  star  on  two  plates  may  vary  by  ncvernl  min- 
utes of  arc,  according  to  its  position  in  the  the  common  reKi"" 
It  would  lead  to  great  confusion  if  a  star  had  two  sets  of  cour- 
dioates  sensibly  differing;  and  hence  it  would  seem  reasonable  to 
reduce  one  set  to  approximate  coincidence  with  the  other  by  cor- 
rectiog  for  the  sensible  inclination  of  the  axis  of  coordinates,  to 
ench  other  and.thc  distnnces  of  the  two  origins.    The  actual  rule 


to  be  nflo]>te(1  in  practice  must  be  to  some  extent  nrhitrnry*  hat 
the  following  proposition  has  merits: 

The  rectangular  co^irrlinates  of  tfie  upper  bnJf  of  each  plate  to 
be  pablisbed  ns  they  stand.  The  codrdinates  of  the  Jower  half  to 
Ite  corrvctetj  by  those  coireczions.  which  would  intlepcndfntly  of 
errors  of  observation  nnd  manipulation,  bring  than  into  nccorrl- 
tince  with  the  coftrdinants  on  the  two  overlapping  plates. 

/'uWicat/on.— It  is  obvious  that  the  real  unit  is  not  the  whole 
plate  hill  the  qunrtcr  plate,  A  quarter  plnte  ctiiilains  KJ  X  13 
squares  of  5"'"'  X  5*"'".  Would  it  be  too  extravagant  to  have  a 
form  printed  on  f\  quarto-pftge  containing  IS  X  13  squares,  and  to 
express  the  posilinn  nj'  a  star  by  putting  ia  the  corresponding 
t^quHTc  numbers  expressing  its  distances  (in  minutes  and<lccimal6) 
from  the  lop  and  side?  The  publication  of  a  I>urciimustcrung 
has  hitherto  been  on  the  plan  of  limiting  the  Dec),  to  a  2:011c  of 
l^.but  allowing  R.  A.  to  take  precedence  within  this  Itoiit.  Some 
such  plan  a»  suggested  above  is  an  attempt  to  distribute  the 
stars  by  their  two  coordinates  instead  of  one  only.  It  has  the 
obvious  disadvantage  of  wasting  space  in  cases  where  there  are 
onlv  a  few  stars  on  the  plate,  and  not  being  adequate  when 
there  are  manv.  But.  after  aU,  arc  we  nut  in  tlic  former  case 
alreadv  vt.asting  glass  and  gelatine  just  in  the  same  way,  and 
does  a  Uttic  paijcr  much  matter?  And  in  the  latter  case,  if  it  is 
necessary  to  enter  several  stars  in  one  box,  can  we  not  increase 
the  size  of  the  Ix>x  ?  *  The  great  advuntnge  of  such  a^  plan  would 
be  that  it  would  give  at  once  a  general  view  of  tlie  plate;  it 
would,  in  fact,  be  halfway  towards  reproduction.  (In  the  lower 
halves  of  the  plates  the  boxes  would  not  correspond  to  the  r^seau 
bttxes.  but  woidd  represent  a  coirected  i-feeau.) 

Keprvduction.—U  the  above  scheme  of  publication  of  measures 
of  the  Catalogue  plates  be  adopted,  this  would  be  nearly  suf- 
ficient, liacli  plate  should  jKrhaps  be  copied  at  least  on  glass, 
and  the  duplicates  from  all  Observatories  deposited  ai  some  Cen- 
tral Institution.  For  the  Chart  (long  exposure)  plates  similar 
duplicates  should  be  made;  and  pajier  prints  would  probably  l>e 
sufficient  for  distribution. 

The  above  is  essentially  a  tninimuw  programme,  and  practi- 
cally represents  the  least  that  can  be  done  to  secure  the  pennan- 

*  One  of  ibe  disadvnntai^  of  a  Durvhrniist^ninK  of  tlir  nm|Ke{l  ibnn  is  tbc 
impO»5)l)ilit)'  of  itiacrtinir  ikw  or  omillCil  slAr^,  The  blank  boxes  of  a  form  ■och 
ns  th.'it  here  niKBr»tc»l  minht  be  iititiif<i  in  ninny  ways,  e.  y.  fnr  the  inecrtior  of 
JaJDtcr  »uir8  from  tbc  thnrt  plnies  iti  Iwirrcn  regions  Snvh  /itldiiiuns  mig^lic  be 
marlr  eilhrr  before  publication  or  in  MS,  alter  publicAli<iM.  In  tnet  the  fofUl 
wonid  have-  this  and  other  ndvimtagrsof  an  ectualniap. 
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ence  of  tlie  photographic  record.  If  we  had  satisfactory  evidence 
of  the  imperishability  of  the  plates,  their  measurement  might  be 
omitted  altogether.  But  gelatine  plates  have  only  been  known 
for  a  small  fraction  of  a  century,  and  we  cannot  afford  to  trust 
to  their  permanence  for  one  or  more  centuries.  Hence  it  is  advis- 
able, if  not  imperative,  to  put  in  the  form  of  a  permanent  record 
ns  much  hs  we  conveniently  can  of  the  information  given  by  the 
plates.  A  most  important  condition  to  be  observed  in  settling 
the  limitation  italicized  is  that  the  work  should  be  completed  in 
about  the  same  number  of  years  as  are  occupied  in  taking  the 
plates;  otherwise  the  plates  of  some  part  of  the  sky  will  be 
already  old  before  they  are  measured.  Hence  an  Observatory 
which  takes  some  hundreds  of  plates  a  year  ought  to  be  prepared 
to  measure  at  least  a  hundred  plates  a  year,  and  complete 
measurement  is  out  of  the  question.  On  the  other  hand,  some 
plan  of  reading  out  the  coordinates  and  magnitude  of  a  star  at 
sight — about  as  quickly  as  they  can  be  written  down— would 
seem  to  make  it  possible  to  get  through  the  enomious  amount  of 
work  at  a  projjer  pace. 

Finally  such  work  may  be  done  quite  independently  of  the  com- 
plete and  accurate  mensurement  of  a  certain  number  of  ])lates. 

The  present  proposal  is  very  far  from  being  an  adverse  criticism 
of  the  admirable  and  energetic  way  in  which  the  plates  arc  being 
measured  at  I'aris..  which  will  produce  results  valuable  in  (|uite  a 
different  \\ny.  If  any  suggestion  can  with  ](ropriety  be  made  as 
to  the  scheme  of  work  at  Paris,  it  would  he  that  portions  of  the 
skv  to  be  examined  in  tliis  thorough  manner  should  be  chosen  in 
different  parts  of  the  sphere,  and  not  confined  to  a  few  zones;  for 
in  the  present  article  it  is  assumed  throughout  that  a  complete 
measurement  of  the  whole  sphere  is  impracticable.  lUit  results 
still  of  the  greatest  value  maybe  obtained  for  selected  portions 
of  it. 

ASTRONOMICAL  PUBLICATIONS.     I. 
\\u.  w.  I'AV.M-:. 

It  is  a  question  of  some  interest  to  the  astronomer  of  tlie  pre- 
sent, how  he  is  to  find  time  to  keep  himself  informed,  in  regard  to 
what  is  being  done  in  his  own  anil  kindred  fields  of  investigation. 
He  knows  that  he  has  not  time  at  comniaiul  to  read  and  digest 
even  a  small  part  of  the  useful  new  publications  that  appear 
every  month.  There  are  too  many  of  them,  and  l)esides  lliat  Uis 
best  strength,  mental  and   physical,  must  be  given  to  his  own 


work  in  some  particular  line  of  astronomical  investigation.  To 
flupply  thin  need  is  presumed  to  be  the  special  field  of  an  astro. 
iiomical  journal. 

A  dozen  years  ago  wc  began  the  publication  of  the  Siuerkal 
Mfsskngek.  auinmted,  in  the  main,  with  this  thought  in  mind. 
It  was  only  intended  for  beginners  in  astronomy,  for  that  vj'as 
OUT  own  condition  in  regard  to  practical  work,  and  we  could  not 
presume  to  instruct  professional  men  in  the  science  who  had 
si)ent  more  or  less  of  their  lives  in  original  research.  Our  surprise 
can  hardly  be  imagined,  when  after  a  few  months,  we  found  on 
our  subscription  books,  the  names  of  ji  considerable  number  of 
ttvc  mo.1t  leorned  astronomers  in  this  country,  with  some  promin- 
ent ones  from   across  the  Atlantic. 

Thai  was  a  Irving  place  for  a  novice  in  llie  art  of  publi^thing  toj 
*ay  nuthing  of  the  graver  responsibilities  of  editing  the  M^ssfiN- 
r.tiR,  the  namesake  of  that  excellent  magazine  started  in  July, 
1846,  by  the  scholarly  and  honored  0.  M.  Mitchell  while  directorj 
of  the  Observatory  at  Cincinnati.    After  many  severe  trials  an* 
much  useful  experience,  wc  found  that  our  venture  \vould  not  be  a 
failure  for  lack  of  support,  if  all  legitimate  aid  within  read 
could  Ije  kept  and  gradually  increased.    In  this  we  were  not  mis-1 
taken  for  the  Messenger  kept  steadily  increasing  in  usefulness  for 
ten  years,  at  the  end  of  which  time  its  sixe  was  nearly  tliree  times 
that  of  the  Hrst  issue,  and  its  contents  improved,  at  least,  in  a 
corresponding  ratio..  Tilts  was  more  than  could  have  been  fully 
antici])ated  in  view  of  the  discouraging  outcome  of  the  attempt 
of  IVoiessor  Mitchell, as  will  l)c  remembered  bis  magazine  was  dis- 
continued after  two  years  of  trial  for  want  of  support.    That 
fact  in  no  way  places  discredit  on  the  noble  work  of  Professor 
Mitchel,  for  every  one  who  knows  anything  alxxit  the  character 
of  that  early  magazine  ver\'  well  knows  that  his  setf-sacrifizing 
labor  in  tliis  direction  was  not  less  than   in  others  which  may 
have  had  wider  general  notice. 

It  would  l>e  interesting  to  some  of  our  readers,  possibly,  if  wc 
should  give  a  fuller  account  of  our  publications,  and  also  some 
iiuticets  of  other  similar  ones  now  being  published,  especially  for 
those  who  have  not  ready  access  to  the  sources  of  such  informa- 
tion. 

We  also  propose  to  make  a  brief  review  of  astronomical 
journalism  in  subse<|ucnt  numlKrs  of  this  publication,  aud  set  out 
the  nerds  and  possibilities  of  this  important  field.  We  desire  t< 
say  something  to  our  co-laborei-s  which  wc  believe  will  be  of  gen- 
crni  interest,  to  the  professional  astronomer  and  to  the  amateur. 
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In  two  papers  already  published  {Amer,  Meteor.  Joum.,  Sept. 
1893,  Astron.  and  Astro-Phys.,  Oct.  1893),  a  brief  statement  has 
been  presented  of  the  lines  of  evidence  that  tend  to  prove  the  fol- 
lowing facts:  (1)  That  the  Sun  emits  two  distinct  tyjies  of  radi- 
ant energy  into  the  space  outside  its  surface.  (2)  That  the  first 
is  propagated  radially  in  all  directions,  the  part  falling  upon  the 
earth,  especially  on  its  equatorial  belt,  being  an  electromagnetic 
wave,  whose  electromotive  force  f{Xa  -f-  Fr+Zw)dr,by  the  law 
of  conservation   of  energy,  breaks  up  into  the  dynamic   wave 

r/     dF,       dG   ,         dH\, 

partly  inductive  and  partly  magnetic  in  its  instantaneous  slate, 
plus  the  static  or  potential  stress 

plus  the  irrcvci*sible  energy  of  Joules'  Heat 
.      rii-  +  v-  +  w-  , 

The  electromotive  f(»rce  probably  origiiintcs  in  the  atomic  oscil- 
latory discharges  of  the  ultimate  ponderable  mnterials  of  the 
photosphere,  is  propagated  with  iuiipprcciable  loss  through  the 
frictionless  ether  to  the  atmos))here,  where  in  pjissing  through 
this  gaseous  envclo])e,  a  series  of  complex  transformations  take 
place.  Thus  the  wave  lengths  are  increased  and  frecpiencics  are 
diminished,  part  of  the  wjives  jienetrating  to  tlie  surface  of  the 
earth,  the  remainder  transferring  their  vibrations  to  the  molecu- 
lar constituents  of  the  air,  in  tlie  form  of  heat  and  of  free  electric- 
ity, which  gives  rise  to  the  observed  electric  potential  fall.  The 
magnetic  wave  of  induction,  accompimying  the  electric  wave  in 
quadrature  to  it,  acts  as  a  vector  upon  the  magnetic  lines  of 
force  continuously  surrounding  the  earth  from  its  permanent 
magnetism,  and  generates  a  complex  s\stem  of  forces  whose  to- 

•  Communicated  bv  tlie  author. 


pographv  has  been  marked  out  on  my  30-mcb  globe  model.  (3) 
That  tbc  Sun  also  emits  a  polar  magnetic  field,  ema-natcd  from 
some  sort  of  a  rigid  nucleus,  apparently  quite  steady  in  its  gener- 
nl  manifestations,  which  comes  to  the  earth,  concentrating  ac- 
cording to  the  laws  of  magnetic  conductivity  in  the  oval  region 
embracing  the  magnetic  and  gcograpliical  poles,  though  the  in- 
fluence ul  the  same  is  clearly  marked  out  to  about  SC"  of  magne- 
tic polar  distance.  On  the  Sun  the  physical  manifestations  of  this 
field  are  found  in  a  heterogeneous  distribution  of  the  magnetism, 
having  positive  and  negative  poles,  with  meridians  of  greaterand 
less  intensity,  which  control  to  some  extent  the  location  of  the 
sun-spots,  the  output  seen  as  the  corona,  and  possibly  the  facu- 
Ue  and  the  prominences.  At  the  earth  the  polar  radiation  of  the 
Sun  is  perceived  in  the  spasmodic  magnetic  storms,  the  outbursts 
of  visible  auroras,  and  in  certain  meteorological  phenomena.  A 
Study  of  this  polar  field  shows  that  the  sun  rotates  in  26.68  da\*3 
sjTiodicnlly,  the  period  appearing  persistently,  even  though 
masked  by  a  series  of  overlapping  effects,  in  all  the  magnetic 
and  meteorological  elements  heretofore  examined.  The  curves  ot 
relative  numbers  obtained  from  the  study  of  the  residuals  m  this 
period,  are  such  as  to  give  much  confidence  in  the  physical  theor- 
ies involved.  They  were  derived  by  massing  together  many  per- 
iods, the  data  emljracing  all  regions  of  the  northern  hemisphere, 
roughly  in  the  preliminary  investigation,  and  were  liable  to  some 
critical  reservations  as  falling  a  little  short  of  convincing  evidence 
of  the  hypothesis.  What  is  lacking  is  the  strictly  individual  cor- 
relation  of  the  solar  cause  and  the  terrestrial  effect,  day  by  day, 
and  persistently  through  long  ranges  of  time,  such  as  is  seen  in 
gravitational,  or  in  equatorial  radiation  phenomena.  It  was  oat 
easy  to  detect  the  precise  way  to  do  this,  in  the  midst  of  the  enor- 
inoti«  mass  of  magnetic  and  meteorological  observations,  but 
such  a  method  has  at  last  been  discovered,  and  the  purpose  of 
this  paper  is  to  explain  the  same. 

Current  Meteorological  Theories.  Ferrel's  analysis  of  the 
meteorological  phenomena  of  the  atmosphere  may  be  divided  into 
two  parts,  namely  the  general  motions  and  the  local  motions. 
To  ohtain  the  distribution  of  pressure  arising  from  the  general 
'motion,  two  principles  were  developed,  the  first  embodying  the 
application  of  Euler's  equations  for  relative  motion,  and  the  sec- 
ond assuming  that  difference  of  density  arising  from  difference  of 
temperature  is  the  efficient  cause  of  such  motion.  His  working 
equations  after  final  transformation  have  a  pressure  term  on 
one  side,  and  four  terms  on  the  other,  expressing  inertia,  deflcc- 


tion,  friction,  and  teinpeniture  gradient.  The  comparison  of 
observation  and  computation  assures  us  tlint  this  is  siibstan> 
tiallv  the  system  which  exists  in  nature,  althoiiph  the  broad  fea- 
tures alone  are  brou^^ht  out,  the  inclusion  of  details  being  rather 
unsatisfactory.  It  la  observed  that  Ferris  formed  his  equation  as 
a  Bum  of  terms,  rather  than  as  a  product,  which  the  nature  of  the 
pruhleni  would  more  plausibly  suggest;  and  that  he  secured  his 
approximate  results  by  suppressing  certain  terms  as  inertia  and 
friction  under  specified  conditions.  He  was  perfectly  clear  that 
the  motion  was  due  to  difference  of  temperature,  and  for  the  gen- 
eral motions  took  that  thermal  fall  which  is  observed  to  exist 
between  the  equatorial  and  the  polar  regions,  arising  from  the 
solar  equatorial  radiation,  now  called  the  electro-magnetic 
radiation.  He  says  in  the  opening  sentence  of  the  chapter  on 
the  theory  of  cyclones,  Coast  and  Geodetic  Survey  Report,  "in 
the  general  motions  of  the  atmosphere,  the  disturbing  cause 
i»  the  difTerence  of  density,  arising  mostly  from  the  difference 
of  temperature  between  the  equatorial  and  polar  regions  of  the 
globe."  The  working  out  of  this  idea  on  the  hemisphere  6xed  in 
his  mind  clearly  the  formation  of  the  polar  cyclone  surrounded  by 
the  tropical  anticyclone,  the  two  attended  by  belts  of  maximum 
and  niinumum  pressure  with  the  consequent  zones  of  calms. 

Thf  peraistence  of  this  mental  picture  is  evident  in  all  the 
work  that  followed  regarding  small  or  local  disturbances,  and 
evcrytlmig  is  bent  a  little,  refracted  to  this  point  of  view.  In  the 
next  sentence  Ferrcl  says,  "ia  the  ordinary^  cyclonic  disturbances 
of  the  atmosphere  the  causes  are  similar  but  more  local,  and  con- 
sist  in  a  diflfereiicc  of  density  arising  mostly  from  a  difference  of 
temperature  between  some  central  area  and  the  external  sur- 
rounding parts  of  the  atmosphere."  This  dominant  idea  has,  I 
believe,  proved  fatal  to  Ferrel's  successful  development  of  his 
sound  fundamental  principles,  and  has  greatly  influenced  many 
students  to  travel  a  road  whose  end  has  never  been  found.  The 
■Kt  of  papers  m  the  Coast  and  Geodetic  Survey  Report  is  undoubt- 
edly his  most  scientific  production^  for  this  reason,  that  he  works 
out  hiG  results  from  the  general  equations  strictly,  merely  assum- 
ing this  difference  of  density  between  a  central  area  and  the  region 
surrounding  it.  He  was  at  the  time  evidently  unable  to  satisfac- 
torily account  for  the  energy  implied  in  the  temperature  difference 
required  to  do  tlie  work  observed  in  the  motions  of  the  cyclones 
and  anticyclones.  Many  expressions  occur  to  this  eflfixC  here 
and  there  by  the  way  of  acknowledging  the  want  of  this 
knowledge,    or  criticising  such   theories   as    were    offered    to 
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account  for  it.  For  instance,  p.  183,  "if  for  flny  renson  there  i* 
kept  up  a  continued  iiitcrclmnp;e  of  airlietwccn  tlieccntrflland  ex- 
tenor  part";  p.  20  J,  "the  condensutlon  of  aqueous  vapor  plays  an 
importaot  part  iu  cyclonic  disturhnncess  but  is  hy  ncj  mcnitfl 
either  a  primnry  era  principal  cause  ofcyclont-s;'*  in  Waldo's  edi- 
tion of  rerrcl's  cnrUer  pn|>er,  p.  .19,  "  tlie  tlieory  which  nttrilmtes 
the  whole  of  the  barnmetricai  oscillations  to  the  rnrefHCtion  of 
the  atmosphere  produced  by  the  condensation  of  vapor  in  the 
formation  of  clouds  and  rain  cannot  Ijc  maintained;"  on  p.  2;19  C. 
and  O.  Report  he  quotes  Loomis  as  follows,  "rainfall  is  not  essen- 
tial to  the  formation  of  areas  of  low  barometer,  and  is  not  the 
principal  cause  of  their  formation  or  of  their  progressive  motion," 
and  remarks  "this  is  strictly  in  accordance  with  the  theory.'* 

However,  l>cinx  hard  pushed  to  find  a  cauHe  for  his  central 
area  temperature  in  cyclones,  he  gradually  weakened  from  this 
position,  endorsed  Espy's  condensation  theory  of  development  of 
latent  heal  by  formalion  of  clouds  and  rain,  and  m  his  last  year 
could  write  in  Scicacc,  i_>cceinhcr  111,  IS'JO,  "all  tliis  has  been  done 
in  the  condensation  theory  of  cyclones,  with  results  so  satisfac- 
tory  as  tr»  scarcely  leave  a  doubt  as  to  the  truth  of  the  whole 
theory."  This  was  in  n-ply  to  Hann's  revolt  against  the  suffic- 
iency of  this  cause  to  produce  the  cyclones  that  were  observed, 
who  took  the  ground  that  these  local  gyrations  are  only  subor 
dinatc  parts  in  the  general  circulation  which  dej^end  upon  the 
effects  of  equatorial  radiation  alone,  and  are  independent  of  any 
local  cause.  Hann  even  went  so  far  as  to  conclude  that  "the  mo- 
tion of  the  atmosphere  is  rmt  a  product  of  the  temperature,  but 
is  in  spite  of  it;  the  temperature  is  a  product  of  the  motion,'* 
Science,  May  30,  IH9n,  Terrcl  was  loyal  to  the  theory  that  tem- 
perature (lifTerence  causes  the  motion  always  and  everywhere, 
atjd  Hann  in  adopting  the  inverse  proposition  has  surely 
erred  against  first  principles,  All  this  would  be  a  mere  ex- 
pression of  opinion  on  my  part,  if  it  were  not  in  my  power  to  in- 
dicate an  efficient  source  of  the  local  temperature  difTercnce, 
which  is  just  now  the  real  stumbling  block  in  (he  way  of  the  ad- 
vance <>f  Meteorolojjy  as  a  science,  Before  coming  to  this  point 
it  is  necessary  to  insi>cct  carefully  the  facts  of  nature  as  displayed 
day  by  day  on  the  weather  maps. 

A  new  interprttatit>n  of  the  weather  maps  of  the  United  States. 
On  page  223,  C.  and  0.  S.  Report,  Captain  Toynbee  is  quoted  as 
follows:  "cyclone  winds  are  formed,  as  it  were,  in  the  hollows  of 
pressure,  in  which  case  the  ridges  traveled  with  cyclones  and 
formed,  as  it  were,  part  of  them.    In  many  cases  the  ridges,  with 
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corresponding  winds,  extended  over  many  more  degrees  of  lati- 
tude than  the  cyclones  themselves."  Ferrel  says  of  this,  "it 
would  be  difficult  to  explain,  upon  any  known  principles,  the  ex- 
istence of  mere  longitudinal  ridges  of  high  pressure;  but  that 
there  is  such  a  ridge  surrounding  every  cyclone  we  have  seen  is 
strictly  in  accordance  with  well-known  mechanical  principles  as 
developed  in  the  theory  of  cyclones."  I  must  admit  freely  that  I 
am  unable  to  see  in  the  daily  weather  maps  that  formation  as 
fundamental  which  Ferrel  and  meteorologists  generally  assume 
to  be  the  primary  state.  The  usual  order  or  sequence  of  the  phe- 
nomena has  been  regarded  as  follows,  pressure,  temperature, 
precipitation,  the  cyclonic  and  anticyclonic  system  due  to  un- 
known'causes  modifying  the  normal  isothermals  and  the  precipi- 
tation. I  propose  to  see  in  temperature  differences,  arranged  in 
ridges  or  waves,  the  true  cause  of  the  observed  pressures  and  the 
antecedent  of  the  precipitation.  It  is  therefore  necessary  to  ac- 
count for  coid  and  warm  temperature  waves  passing  over  the 
United  States. 

It  will  be  desirable  to  refer  to  easily  accessible  maps,  in  order 
to  come  within  the  proper  limits  of  this  paper.  In  Dunwoody's 
admirable  charts  giving  a  summary  of  the  international  meteoro- 
logical observations,  1878  to  1887,  the  maps  of  normal  pressure 
and  temperature,  with  prevailing  winds,  for  each  month  of  the 
year  are  here  employed.  A  line  was  traced  along  the  crest  of  the 
maximum  pressure,  and  for  November  its  course  is  as  follows; 
over  the  Atlantic  in  latitude  30°,  then  over  north  Africa,  south 
Italy,  north  Black  and  Caspian  Sens,  central  Siberia,  Corea,  Pa- 
cific Ocean  near  latitude  30".  central  California,  Colorado,  Kan- 
sas, Tennessee,  Carolina;  there  is  also  an  atmospheric  shunt, 
passing  from  central  Siberia  near  the  geographic  and  the  mag- 
netic ]J0les,  through  British  America,  and  Alberta,  t()  Colorado. 
Thus  Ferrel's  polar  cyclone  is  broken  up  into  two  perninnent 
cyclones, in  the  North  Atlantic  and  the  North  Pacific  respectively, 
by  the  influence  of  the  continental  masses  upon  the  temperature 
and  the  dependent  densities  of  the  air.  This  shunt  persists  from 
September  to  June  inclusive,  in  nearly  the  same  position,  though 
oscillating  across  the  polar  regions  with  the  season  to  some  ex- 
tent, but  during  July  and  August  is  reduced  to  a  short  spur  pro- 
jecting into  British  Columbia.  Within  the  two  cyclonic  ridges 
the  winds  circulate  anti-clockwise,  outside  the  principle  circuit 
they  circulate  clockwise,  diverging  from  the  central  calm  of  max- 
imum pressure,  as  Ferrel's  theory  of  general  motions  demands. 
This   outflow,  in  conjunction   with   the  right  handed  deflecting 
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foTtx  due  to  the  rotation  of  the  Earth,  deepens  the  permanent 
cyclones,  htiiglitcns  the  maximum  pressures,  and  lowers  the 
equatorial  pressure  belt.  The  passage  uf  the  winds  past  earh 
other  in  ujtpositc  directions  tends  towards  local  gvrations,  which 
all  drift  eastward  with  the  prevailing  component  in  middle  Inti- 
tudcK.  All  this  <le{>ends  simply  upon  the  ditlercnct:  between  polar 
und  equicluriul  temperature,  and  is  fully  in  accordance  with  the 
views  of  Ferrcl  and  the  latest  expressions  by  Dr.  Hann. 

It  is,  however,  necessary  to  go  a  stej)  further  to  pass  out  of  this 
generalized  condition  of  uQfairs.  into  the  Hpccific  individual  caseof 
«  given  cyclone.  In  order  to  fix  ideas.  1  will  descrilw  a  typical 
map,  Thursday.  P.  M..  November  16.  1893.  remarking  tiial  the 
system  iudicated  prevails  from  day  to  day,  and  whenever  ob- 
scured by  excessive  action  of  certnin  components  tends  to  retnni 
to  tliis  normal  type.  On  examinin;;  the  wind  directions,  it  is  seen 
tliat  there  are  two  curved  lineK  extending  from  northeast  to 
southwest  across  the  {Jnitcd  States  towards  which  the  \vin<)s  arc 
primiirily  directetl.  The  first  passes  through  Minnesota,  Nebras- 
ka, Kansas,  Oklahoma,  New  Mexico,  near  Duluth,  Sioux  City, 
Dodge  City,  El  Paso;  the  other  through  western  New  York, 
western  Pennsylvania,  West  Virginia,  east  Kentucky,  east  Ten- 
nessee, near  Atlanta  and  Mobile.  West  of  curve  number  one,  the 
region  is  cooler;  between  the  two,  the  region  is  warmer,  and  east 
ol  numl>er  two,  it  is  cooler.  Thus  a  warm  section  lies  between 
two  cooler.  It  will  be  observed  that  these  division  curves  are 
about  peri»endicular  to  the  ci-est  of  the  maximum  pressure;  by 
following  such  curves  from  day  to  day  it  will  be  found  that  they 
drift  across  the  I'nited  States,  nmintaintng  their  general  distance 
apart,  until  signs  of  disintegration  set  in.  On  the  average  the 
curve  which  cuts  the  maximum  crest  at  Cheyenne  is  after  2+ 
hours  near  Dodge  City,  after  48  hours  near  Ukluhonm  City,  after 
72  hours  near  Nashville,  and  after  90  hours  just  over  the  Atlantic 
coast.  This  represents  the  average  eastward  storm  drift  for  Oc- 
tober. Along  these  curves  usually  lies  a  region  of  calms  or  very 
variable  winds,  the  existence  of  these  often  serving  to  locate  the 
dividing  curves.  They  are  strictly  associated  with  the  cyclonic 
and  anticyclonic  pressures  so  well  known. 

The  formation  of  these  low  and  high  pressure  areas  is  the  re- 
sult of  the  existence  of  the  warm  or  cold  sections  of  waves  lying 
athwart  the  umxinium  crest.  Let  us  assume  for  a  moment  that 
such  tenii>erature  differences  exist,  amounting  to  20^-30*^  P.  or 
even  more,  and  trace  the  course  of  the  winds.  From  first  prin- 
ciples the  warm  and  cold  masses  will  l>e  impelled  towards  each 


other,  becflusc  tif  the  action  of  gravitntion  on  media  of  difTering 
density.  They  will  tend  to  encounter  along  or  ne/tr  the  ridpe  of 
greatest  tenii>erutarc  vanation.  T/ikcthu  eauiward  moving  coI<I 
air  first.  North  of  the  maximum  ndg,c  the  surfnc>c  compunent 
from  the  p?ncral  tnution  is  ciistxvanl,  and  there  is  also  the  north- 
ward  component,  dac  to  the  normal  temperature  gradient,  whiih 
maintains  the  rid>;e  over  the  outflow  on  the  sides,  so  ilial  the 
winds  flow  in  a  northeasterly  curve,  even  overcoming  the  right 
Uaatled  deflecting  force  of  rotation;  the  result  is  seen  over  the 
L^akotns  and  New  England  as  feeders  to  the  cyclones  there. 
Upon  the  maximum  crest  the  lateral  com{}onents  are  very  small, 
and  the  air  flows  S.  E.  almost  squarely  up  to  the  dividing  cur^-e, 
as  seen  in  Xebraaka,  or  New  Jersey,  iind  much  better  on  the  map 
for  the  following  morning.  Nov.  17,8  a.  m.,  Friday,  where  the 
system  has  moved  in  more  nearly  central  to  the  map.  South  of 
the  maximum  crest,  the  south  hitcral  component  is  met  by  the 
west  general  com[K>ncnt  whicli  acts  locally  in  the  same  direction 
OS  tile  right  handed  deflecting  force  of  rotation,  all  three  conspir- 
ing to  produce  the  observed  aiiti-cyclonic  gyration. 

Next  oliscrve  the  course  of  the  wiirm  winds  flowing  townrds 
the  northwest  to  meet  the  ctntl  air  beyond  the  ridge.  There  is  the 
northwest  tcmpLTaiurc  gradient,  the  right-hunded  deflecting 
force,  and  the  general  eastward  Hurlacc  component  of  the  middle 
latitude,  all  of  which  nci  to  turn  the  direction  rapidly  townrrls 
the  right,  as  the  prevailing  hitows  pluinly  show.  There  is  no 
«plitting  to  the  left  and  the  right  of  the  maximum  crest,  as  in  the 
cast  flowing  cool  air.  but  all  goes  smoothly  from  S.  H..  nxire  and 
more  curving  to  the  north.  Along  the  line  of  grentest  Icmpera- 
tnreehaiigc  with  cold  air  to  the  west  and  warm  air  to  the  right 
of  it,  the  gyrating  cyclime  is  fonncd,  the  cuuple  existing  from  the 
system  of  causes  thus  descriljcd.  Likewise.  aUmg  the  next  ridgt. 
with  cold  to  the  enst  nnd  warm  to  the  west,  and  often  l«j  the 
south  of  the  maximum  crest,  the  anii-cyclonc  is  prodiieevl. 
It  must  be  remembered  that  if  the  warm  and  the  cold  waves 
arc  formed,  the  fittw  will  be  both  east  and  west  from  each 
sucvcssive  section,  with  the  view  to  ■|)roduce  tem|>ernture  cquilib- 
Hum.  The  discontinuous  eflects  of  large  masses  of  nir  is  such  »s 
to  enable  these  waves  to  inrrsist  mnny  d.iys,  possibly  enough  lo 
go  frtini  .\lbertn.  across  the  United  States  to  ICuropc.  A  coroll- 
ary remork  is  that  the  storm  track  niong  the  north  I'nitcd  States 
seems  to  Ih'  the  effect  of  the  genernl  cireulntion  to  restore  the  jht- 
mnnent  polar  low  belt  which  is  intcrrnplcd  tiy  the  continent. 
Another  ts  that  tornadoes  and  hurricanes  arc  due  to  precisely  the 
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game  cause,  namely  the  juxtaposition  of  masses  of  air  having 
great  teiTipcrature  differences.  Tlie  Jcbris  of  tornadoes  shows 
precisely  the  saime  distribution  of  air  as  that  pointed  out  ahove; 
their  tracks  being  along  the  course  of  the  dividing  line.  Hcuce, 
the  forward  gyfiition,  due  to  the  feeding  from  the  south  and 
southeast  sides,  combined  with  the  general  eastward  motion, 
gives  them  the  apparent  northeasterly  curved  path,  and  locates 
them  on  the  south  side  of  the  cyclonic  depressions.  It  is  neces- 
sary not  to  extend  this  explanation  further  at  tliis  tinit-,  in  order 
to  arrive  at  the  final  step  in  the  argument.  This  system  gii-es  us 
a  surface  phenomenon  almost  exclusively,  the  cyclonic  outflow  at 
a  moderate  altitude  being  caught  up  with  the  more  rajiid  e?isler- 
hr  component;  and  similarly  for  tht  antt-cvclone.  The  total 
effect  of  tlie  upper  and  the  lower  circulation  is  that  the  warm  and 
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the  cold  layers  are  rolled  over  and  over  while  they  advance  east- 
ward, t]ie  greatest  interchjinge  of  temperature  taking  place  near 
the  surface  o'i  the  Earth  at  the  line  of  conlacc.  Thus  the  enst- 
ward  high  component  n;ay  reiidily  deposil  warm  masses 
over  cold,  or  cold  over  warm,  jis  the'  case  may  be,  according  to 
the  kind  of  air  lying  to  the  west  of  the  lower  maws  in  question. 
So  far  as  1  can  see  all  gous  on  in  conformity  to  Fcrrtl's  principles, 
provided  the  warm  and  cold  waves  can  be  produced  in  the  proper 
scTiuence.  and  refeiTed  to  an  efficient  cause  in  nature.    Tliis  will 
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The  group  stations  are,  Northfield,  Washington,  Kej'  West,  New 
Orleans,  Corpus  Christi,  Pittsburg,  Saugeen,  Port  Huron,  Duluth, 
St.  Louis,  Sioux  City,  Fort  Buford,  Salt  Lake  City,  Tucson,  Rose- 
bnrg,  Yuma,  Calgary  including  the  Manitoba  and  Alberta  Sta- 
tions. A  long  roll  of  millimeter  paper  was  laid  out,  with  one 
centimeter  per  day,  and  ths  stations  in  nearly  reversed  order  be- 
ginning west  and  working  east,  Y,  R,  C,  S.  L.  C,  F.  B,  S.  C,  T,  C. 
C,  S.  L,  D,  S,  P.  H,  P,  N.  O,  K.  W,  W,  N,  so  that  a  transverse 
\vave  will  pass  along  certain  groups  in  succession.  The  a.  m.  and 
p.  M.  mean  temperatures  for  each  group  are  then  plotted,  the 
dots  joined,  and  the  broken  line  allowed  to  grow.  Beginning 
with  summer,  where  the  amplitudes  are  not  wide  and  the  form 
more  or  less  featureless,  as  the  season  advances,  marked  tj'pical 
formations  appeared  which  persist,  and  which  were  recognized  as 
those  of  the  curve  of  magnetic  intensity  of  the  coronal  field, 
whose  derivation  has  been  described  in  the  papers  mentioned 
above.  Over  the  current  calendar  dates  were  placed  the  corres- 
ponding numbers  of  the  magnetic  ephemeris.  The  dates  equiva- 
lent to  the  first  day  of  the  26.68  day  period,  are  for  the  present 
purpose:  1893.  Aug.  27,  Sept.  22.  Oct.  19,  Nov.  15,  Dec.  11; 
1894,  Jan.  7,  Vch.  3,  and  so  on,  adding  26.68  days  for  the  inter- 
val. After  two  or  three  periods  were  thus  developed  it  appeared 
that  the  magnetic  curve,  placed  strictly  according  to  the  ephem- 
eris, matched  with  the  temperature  curve  at  the  northwestern 
districts,  hut  that  a  lag  took  place  in  the  districts  further  cast, 
MS  tlif  teni|>erature  sequences  travelled  along  the  highway  of  the 
niiixinnmi  pressure.    The  lag  is  as  follows,  for  October, 

for  Yuma.  Roseburg,  Calgary,  Salt  Lake  City,  +  0  days. 

Fort  riufoni,  Sioux  City,  Tucson,  +  1  day. 

Cor])us  Christi,  St.  Louis,  Duluth,  -f  2  day.s. 

Saugetn,  Port  Huron,  Pittsburg,  -}-  3  days. 

New  Orleans,  Key  West,  Washington,  Northfield,  -\-  4  days. 

The  vigor  of  the  temperature  curves  is  greater  on  the  north 
than  on  the  south  side  of  the  axis  of  high  normal  pressun-,  since 
the  action  of  the  equatorial  electro-magnetic  field  tends  to  dimin- 
ish the  distinctive  action  of  the  polar  magnetic  field.  The  accom- 
panying diagram  of  curves,  for  the  north  districts,  shows  the 
progression  of  the  temperature  wave  across  the  United  States. 
The  ordinate  for  the  day  is  the  mean  24-hourtemperature  nearly, 
being  actually  the  mean  of  the  8  a.  m.  and  8  i'.  M.  observations. 
The  scale  is  1  m.m.  =  2°  F.,  so  that  the  fluctuations  include  all 
the  terai>erature  variations  with  which  the  problem  of  meteor- 
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Teuperatures  of  the  United  States  by  Districts. 

North. 

(From  Oct.  19,  to  Not.  14,  1803.) 
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Now  by  shifting  the  daily  temperatures  backward,  by  1,  2,  3, 
or  4  days,  so  that  the  same  phases  of  wave  temperature  fall  into 
their  own  columns,  the  mean  effect  can  be  found  for  each  wave, 
and  thus  the  masking  effect  of  successive  waves  at  individual 
stations  can  be  eliminated.  It  thus  is  clear  that  the  application 
of  the  magnetic  ephemeris  and  the  lag  interval  to  meteorological 
data,  is  the  proper  method  to  unmask  the  superposed  forces  that 
have  hitherto  concealed  the  true  functional  relations.  The  trac- 
ing of  the  lag  of  the  curve  across  the  Atlantic  has  not  been  under- 
taken ;  indeed  it  will  be  necessary  to  study  the  whole  hemisphere 
in  this  graphical  way,  before  the  subject  can  be  fully  mapped  out 
in  its  physical  topography.  The  table  of  temperatures  gives  the 
actual  readings,  the  lower  districts  all  being  shifted  to  the  left  as 
indicated.  The  stations  are  separated  into  north  and  south 
groups,  divided  by  the  belt  of  maximum  pressure,  as  nearly  as 
our  data  permit. 

The  temperature  residuals  are  taken  out  from  the  mean  of  the 
27  days,  and  multiplied  by  the  factor  2,  in  case  of  plotting  on 
half-millimeter  paper.  As  they  stand  in  the  reproduction  in 
Astronomy  and  Astro-Physics,  5  m.m.  —  10°  F. 
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units,  and  the  scale  of  variation  is  5  m.ni.  =  0.000020  C.G.S., 
so  that  the  range  of  fluctuation  is  about  0.000050  C.G.S.,  the 
amplitude  proper  being  about  one-fourth  of  the  total  mean  inten- 
sity. Underneath  this  is  placed  the  two  curves  of  temperature, 
one  for  the  districts  north,  and  the  other  for  those  south  of  the 
summit  of  the  pressure  crest.  They  represent  the  effect  of  one 
rotation  of  the  Sun  on.  its  axis,  carrying  this  variable  magnetic 
field  past  the  Earth,  upon  the  temperatures  of  the  United  States. 
The  harmony  of  the  curves  speaks  for  itself  significantly.  The 
residuals  or  relative  numbers  obtained  from  tlie  use  of  about  200 
revolutions  of  the  Sun,  of  course  eliminated  the  masking  effects 
of  superposition,  while  the  residuals  were  much  cut  down  in  size. 
No  evidence  could  be  more  striking  than  this,  that  the  direct  ac- 
tion of  the  solar  polar  magnetic  field  is  responsible  for  the  tem- 
perature waves*  which  build  up  the  cyclonic  and  anticyclonic 
system  of  pressures  and  winds  in  the  United  States. 

The  conclusion  now  follows  simply  from  this  set  of  premises. 
The  solar  magnetic  field  represents  a  type  of  radiant  energy, 
probably  circular  or  spiral  rotation  of  the  ether,  which  surrounds 
the  Sun  on  all  sides,  but  of  variable  strength  in  certain  solar  lon- 
gitudes. In  other  words  the  earth  passes  through  a  series  of  hot- 
ter and  colder  regions  as  the  Sun  turns  on  its  axis.  One  day  is 
the  equivalent  of  about  10,000,000  miles.  Since  the  form  of 
energy  is  magnetic,  which  of  course  means  a  special  form  of 
ether  motion,  this  energy  (ip])roaching  tlie  earth,  itself  a  magnetic 
body  capable  of  conducting  the  lines  offeree  better  in  some  direc- 
tions than  in  others,  is  concentrated  or  focused  in  the  magnetic 
ovals  surrounding  the  magnetic  and  gcogi'a])hical  poles.  The 
form  of  the  regions  of  concentration  came  out  fully  in  my  study 
of  the  equatorial  radiant  field.  TIius  the  atmosphere  around  the 
polar  regions  is  intermittently  heated  orcooled  according  as  more 
or  less  of  this  polar  energy  falls  upon  it,  the  tem|)craturc  being  a 
direct  function  of  the  radiant  energy. 

It  will  be  remembered  that  the  atmospheric  shunt  crossing  the 
polar  regions  passes  directly  through  this  arci,  which  is  thus  sub- 
ject to  varying  absorption  of  radiant  energy  and  is  therefore  al- 
ternately heated  and  cooled,  strictly  in  response  to  the  solar  field. 
This  air  is  transported  by  the  general  motions  of  the  atmosplicre 
around  the  permanent  cyclones,  on  the  east  side  if  we  look  from 
the  United  States,  downwards  into  the  well  known  storm  belt, 
\vhere  the  transverse  temperature  waves  pursue  the  path  already 
described;  on  the  west  side  of  the  polar  shunt  the  circulation  is 
towards  the  East  Asian  coast  and  Pacific  ocean,  where  a  similar 


scries  of  temperature  waves  probably  exists.  The  lat^r  masses 
will,  without  doubt,  be  carried  into  the  United  States  owing  to 
the  fact  that  the  magnetic  pole  on  the  American  continent  dispos- 
es the  radiation  more  on  that  side  of  the  polar  regions  than  on 
the  other. 

The  case  may  rest  here  (or  the  present  while  the  conBcqucnt 
mathematical  developments  are  Ijeing  worked  out.  Only  one 
period  has  been  described,  but  a  dozen  lay  before  me  on  the  sheet ; 
and  the  constant  recurrence  of  this  solar  curve  during  15  j'ears  in 
the  pressures  of  the  northern  hemisphere,  makes  it  safe  to  accept 
this  solar  polar  6eld  as  the  true  origin  of  the  energy  of  Highs  and 
Lows,  so  long  sought  in  practical  mctcorologj-.  Instead  of  befng 
an  obscure  term  in  meteorology,  magaciic  energy  comes  to  the 
front  as  the  primary  factor  in  all  the  weather  conditions,  cer- 
tainly of  the  United  States.  The  strict  response  of  temperatures, 
npon  which  all  else  depends,  to  the  peculiar  variations  of  the  mag- 
netic field,  on  individual  dates,  makes  it  not  only  possible  to  fore- 
cast the  weather  conditions  specifically,  by  means  of  the  ephem- 
eris  and  the  lag,  but  it  is  the  key  to  the  reading  of  the  weather 
maps.  The  intensities  of  the  successive  waves  can  be  read  off,  the 
form  of  a  wave  can  be  located  to  the  width  of  a  single  state,  and 
from  the  waves  the  wind  system  and  the  accompanying  cyclones 
and  anticyclones  can  I>e  laid  down  very  closely.  Of  course  the 
ragged  edge  of  temperatures  along  the  wave  fronts,  it  will  be 
faani  to  determine  by  any  method  now  known,  but  this  penumbra 
is  limited  and  wholly  unimijortant.  It  will  be  necessary  to  study 
the  lag  se<iuence  throughout  a  nunil>er  of  years  to  obtain  its 
chnracterisCics  and,  at  the  same  time  it  will  be  important  to  learn 
the  effect  of  the  change  of  the  Sun  in  declination.  The  waves  flat 
out  in  summer,  chiefly  because  the  polar  shunt  disappears,  and  in 
the  winter  the  circulation  may  become  too  violent  to  leave  the 
Tvavcs  in  their  integrity.  The  reversal  of  the  whole  system  of 
tem()cratures  is  found  to  take  place  in  Decemlwr.  when  the  Earth 
passes  from  the  positive  to  the  negative  hemisphere  of  the  Sun, 
and  the  curve  must  be  inverted  to  follow  the  temperature  varia- 
tions. This  can  all  be  determined  by  some  further  experience. 
It  is  also  to  be  observed  that  the  areas  of  precipitation  are 
closely  associated  with  the  lines  marking  the  contact  of  the 
warm  and  cold  wa^x,  and  that  this  is  the  product  of  conden- 
sation by  cooling  of  mixtures,  and  not  by  cooling  through  dy- 
namic expansion.  Many  of  the  features  of  physical  meteor- 
olgy  will  thus  find  in  this  system  their  true  criticism.  I  have  not 
yet  drawn  out  the  function  of  the  magnetic  field  and  tempera- 


tnrv,  bccaasc  the  former  was  taken  frotn  European  data,  which 
is  too  far  rctriovini  from  the  coTiccntration  area.  The  polar  sta- 
tions of  lSS2-lSH;-i  will  prohflbly  supply  the  requisite  matcriol. 

It  nhoulil  be  noted  that  there  may  Iw  found  in  this  polar  rndia- 
tion  the  true  cause  of  the  preat  rnnj^s  of  temperature  in  thepolar 
regions,  known  in  the  Glncinl  Kpochn.  If  the  Sun  thronsh  lonR 
periods  of  lime  chanj^es  the  <|n(intity  of  its  magnetic  <mtput,  and 
It  will  if  it  ia  a  variable  star,  the  effect  would  he  to  cool  the  poles 
of  the  earth,  if  it  were  less,  and  to  heat  them  if  it  were  more,  a 
series  of  changes  that  Oeoloj;^-  thinks  has  taken  place.  It  is  only 
necessary  to  add  a  long  geologic  period  to  the  11  year  and  tlie 
27  day  ^leriods  of  the  Sun.  Also  it  may  be  noticed  that  this 
perodic  temperature  fluctuation  which  is  followed  ))y  variations 
in  the  wind  circulation,  and  to  some  extent  in  that  of  the  woter, 
may  have  something  to  do  with  the  variations  of  terrestial  Inti- 
tuiles  observed  to  have  been  taking  place.  Across  the  atmos- 
pheric shuntraore  nr  less  air  will  be  drawn  according  as  the  veloc- 
ity in  the  general  cyclonic  circuits  is  increased  or  diminished  and 
this  will  be  accompanied  by  the  formation  or  melting  of  snow 
and  ice,  which  may  affect  the  movement  of  inertia  of  the  Earth 
to  some  extent.  It  is  seen,  as  stated  heretofore  in  the  preceding 
pfipcr,  that  the  intensity  of  the  atmospheric  circulation  of  the 
hemisphere  increases  or  diminishes,  as  shown  by  the  number 
of  Highs  and  Lows  on  the  synoptic  charts,  with  the  varia- 
tions of  the  solar  period.  Chandler  obtains  4-27  days  as  the 
f»erio*l  of  the  variation  of  latitude.  Now  16  X  26.68  =  426.88, 
that  is,  sixteen  solar  periods  are  etjua]  to  the  probable  latitude 
period-  This  may  be  a  coincidence  and  is  not  insisted  upon,  but  it 
can  readily  be  supposed  that  the  great  range  of  temperature  on 
the  polar  regions,  may  have  an  important  effect  on  the  nccumnla- 
tion  of  ice  and  snow,  in  some  short  period,  as  well  as  in  a  very 
long  glacial  period.  Correlative  factors  are  at  work  on  the 
Soutbcrn  hemisphere,  but  I  have  no  experience  with  them. 

It  goes  now  without  saving  that  the  development  of  magnetic 
observations  in  connection  with  meteorological  stations  willlie 
leccssary  to  derive  a  full  advantage  of  this  theory.  Much  can  l)e 
done  with  the  mean  magnetic  curve  in  forecasting  the  weather 
at  long  range  or  short  range;  but  I  advocate  tlie  extension  of  the 
European  system  of  magnetic  observation,  or   their  practical 

[uivalcnt,   to  the  American  continent.    1    thought  I  observed 

tat  individual  observatories  were  sensitive   to   variations   of 
'the  magnetic  field  a  thousand  miles  away  hut  that  can  be  dctcr- 
minci)  by  experience.    The  subjects  of  magnetic  storms,  auroral 


displays,  earth  currents,  are  ex-idcnlly  subordinate  nianift'sta-] 
lions  of  tilts  solar  polar  magnetic  field. 

There  is  now  certainly  great  encouragement  to  the  mrteorolo-l 
gist  to  review  the  rich  material  at  his  disposal,  with  the  object  of 
making  a  scientific  analysis  of  the  subject,  which  has  not  yet 
passed  beyond  the  cint>irical  sluge.    There  will  always  Ik  a  nebu- 
lous fringe  of  uncertainty   on   wcatlier  forecasts,  owing  to  the 
fact  that  we  deal  with  a  rapidly  moving  iluid,  but  I  believe  that^^ 
A  great  improvement  in  weather  predictions,  both  at  long  and^| 
short  range,  is  in  sight  if  not  at  the  doors.    There  arc  now      * 
several  steps  to  l>e  taken  to  improve  mcteorolog>'. 

1.    Substitute  the  solar  magnetic  ephemeris  for  the  commoi 
calendar. 

li.    Employ   the  mean  magnetic  curve  as  a  guide  to  interpret 
all  variations. 

3.  Determine  at  each  station  the  lug  of  the  wave  from  tl 
polar  r^on. 

4.  Determine  the  law  of  the  magnetic  reversals  of  tempera-t 
ture. 

5.  Form  the  equations  of  local  motions,  and  work  out  th( 
physical  constants. 


A   NEW  STAR   IN   NORMA.' 


BDWAHn  C.  PICKBRINC- 


A  new  star  appc;irL-d  in  llie  conslclliitioii  Ni)rma  during  lat 
summer.  It  was  discovered  by  Mrs.  M.  Meming  on  October  20j 
wliL'n  examining  a  photograph  of  the  s|>ectra  of  the  star?  in  i1 
vicinity.  The  photograph  was  taken  on  July  10,  1893,  at  thr^ 
Arcquipa  station  of  this  Observatory  by  IVofessor  Solon  I. 
Bailc>*.  The  spectrum  appears  to  l>e  identical  with  that  of  till 
new  star  which  appcarcil  in  Auriga  in  DccemlKT.  18111 .  Compai 
iiig  the  spectra  of  the  two  stars  taken  with  nearly  the  same  dts 
pcrsion,  about  a  doxcn  lines  are  visible  in  each  and  are  identical 
in  wave-length.  The  hydrogen  line  F,  which  is  bright  in  both 
stars,  is  more  intense  in  the  starin  Norma  than  in  that  in  Auriga._ 
It  is,  in  fact,  more  intense  in  the  former  star  than  any  other  III 
in  the  s|}ectrani,  while  the  G  line  is  generally  the  strongest 
Nova  Auriga.'.  A  photograph  taken  June  21,  lSt>3.  showed  the_ 
spectra  of  stars  of  the  10th  magnitude,  but  no  trace  of  the  net 

*  CoramunicntccI  by  the  author. 
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Nova  Normc,  July  10,  1893. 
UTtcfiXout  ANii  AnK<Kpiiv«ic»,Jaiiiutry.  1B94-. 
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»tar  was  risible  ujwn  this  plate,  although  it  covered  the  same 
r*Tjion  niid  was  in_  other  respects  like  thnt  tnltcii  on  July  10. 
Photngrnpltte  charts  of  ibc  same  region  tnken  on  June  6.  Jnnc 
10.  July  21,  1889;  May  10,  May  10.  June  10.  June  23,  Jnnc  23» 
lSt>I ;  May  7,  and  May  27,  1S93,  show  no  image  of  this  nlijcct 
although  stars  of  the  fourteenth  mngnitude  are  visible  ni>on 
some  of  them.  We  may  therefore  conclude  thnt  the  star  ap- 
peared within  ten  days  of  the  tirat  of  July  and  that  prc\-tonsly 
it  w/is  either  invisible,  or  extremely  faint.  The  position  was 
found  by  comparing  the  ends  of  the  hydrogen  Iraes,  G  nnd  A, 
which  are  bright  in  this  star,  with  the  corresponding  dork  lines 
in  the  adjacent  stars  A.G.C.  20940  nnd  21006.  They  give  the 
approximate  mean  fmsitjon  lor  1900  in  R.  A.  15*  22'"  12*;  Dec. 
—  50^  13'.8.  A  more  accurate  position  can  be  found  if  photo- 
graphic  charts  can  be  taken  showing  this  star.  Professor  Hoilej' 
b«8  been  notified  of  this  discoverj*  and  if  the  star  is  still  bright 
enough  he  will  doubtless  obtain  photographs  showing  its  i>osi. 
tion  nnd  spectrum. 

TIic  similarity  of  the  spectra  of  these  two  new  stars  is  interest- 
•it.  since  it  has  proved  a  means  of  discovering  one  of  these 
-.  nnd  secondly,  because  if  confirmed  by  other  new  stars  it 
will  indicate  that  they  belong  to  a  distinct  class  resemblmg  each 
other  in  composition  or  physical  condition.  The  star  was  ap- 
proxirnatcty  of  the  seventh  magnitude  pliotographically  on  July 
10  wnce  it  wfts  about  ci]o«l  to  A.G.C.  20910  magnitude  6.9 
whose  spectrum  Is  of  the  second  type.  The  iieai-cst  catalogue 
«tars  nre  A.i.l.C.  20i)4i.t,  magn.  8,  which  has  a  spectrum  ot  the 
first  type,  and  A.G.C.  2092C,  magn.  8%,  which  has  a  spectrum  of 
the  second  type.  The  new  star  Kes  nearly  midway  between  these 
two. 

CAMufiim:E.  Mass..  V.  S.  A. 
November  9.  1893. 


MR,    LANQtEYS    RECENT    PROGRESS    IN    BOLOMETER   WORK   AT 
THE  SMITHSONIAN  ASTRO-PHYSICAL   OBSERVATORY.' 


All  the  best  work  in  this  direeiion  has  hitherto  l>cen  done  ly 
micrumelrie  mcasurcractits  ol'the  ixisitiou  in  which  the  bolometer 
tDdtcates  heat  or  cold,  a  method  which  in  this  application,  is  so 
slow,  that  between  tn'o  and  three  years  of  assiduous  labor  were 

*  Abmract  of  j>  cnmffliiniration  matte  to  the  I'hiloftiipbtcid  Sockt;  of  Wiub* 
istglon.  May  27.  1*(0.1. 
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rwinired  fomwrfv',  to  make  a  curve  showing  only  the  leading  ab- 
sorption lines  of  the  infra-red  spectmro. 

The  first  nnd  most  iniportiint  feature  of  the  new  method  con- 
sists ^n  an  nrrangcment  by  which  the  means  of  visual  observa- 
tions, or  micromctric  measures  of  the  galvanometer  deflections. 
is  done  «way  with,  and  the  record  of  the  movements  of  the  needle 
as  the  bolometer  thread  travels  tlirough  the  spectrom,  is  made 
photographically, the  result  l>eing  a  curve  showing  the  variations 
in  heat  at  every  point  of  the  invisible  spectrum  corresponding  tO' 
thetinvisible)  absorption  lines;  and  this  process  has  been  fonnd  so 
incomparably  more  rapid  than  the  former,  that  more  lines  can  Iw 
located  l>y  it  in  single  day  than  by  the  old  process  in  a  year's  as- 
sidnous  work. 

The  new  process  implies  the  tise  of  a  more  delicate  bolometer 
and  galvanometer  than  the  old  one.  and  this  has  been  attained  to 
such  a  degree  that  the  delicacy  of  the  new  apparatus  is  about  a 
hundred-fold  greater  than  the  already  delicate  means  used  b3'  Mr. 
Lauglcy,  in  the  researches  previously  published. 

To  secure  the  desired  accuracy,  it  has  also  been  nccessarj'  to 
employ  more  massive  as  well  as  more  delicate  apparatus,  and  to 
pa%'  great  attention  to  Instmracntal  details. 

The  new,  and  extremely  large  and  accurate  spectro-bolometer, 
which  carries  the  prism  or  grating,  is  provided  with  azimuth  cir- . 
cle, reading  to  nscconds  of  arc,  which  can  byapplication  of  special 
clock-work  to  its  tangent  screw,  be  given  a  slow  and  perfectly 
uniform  motion  of  rotation,  such  that  the  successive  portions  of 
the  spectrum  fall  in  uniform  sequence  upon  the  bohtmcter  thread. 
The  utmost  care  has  been  taken  to  mtmnt  all  the  portions  of  the 
jipparatus  and  especially  the  delicate  jjalvanometer,  so  that  ac- 
cidental disturbances  are,  as  far  as  possible,  eliminated. 

Owing  to  the  accurate  clock-work  which  has  just  been  described 
as  moving  the  spectrum  past  the  bolometer  thread,  we  can  he 
sure  that  the  movement  of  the  galvanometer,  (which  records  the 
contact  of  this  thread  with  any  invisible  line,  and  the  cold  pro- 
duced thereby)  corresponds  at  any  given  second  of  time,  to  the 
passage  before  the  thread  of  some  definite  portion  of  the  spectrum , 
which  though  wholly  invisible,  can  be  identified  at  once,  and  its 
wave-length  instantly  determined  by  the  corresponding  reading 
of  the  circle,  taken  in  connection  with  the  well  determined  con- 
stants of  the  great  rock  salt  prism,  by  which  the  invisible  spec- 
trum is  formcfl.  To  preserve  an  automatic  record,  of  this  corres- 
pondence between  the  time  and  amount  of  the  galvanometer  de- 
flection, and  the  coincident  circle  reading,  a  sheet  of  sensitized  pa-l 


|>er  or  gtase  is  made  to  move  by  the  same  clock-work  Terticnlly 
before  the  galrouonieter,  aud  a.  beam  of  light  reflected  from  its 
rtiiuute  mirror,  (which  is  but  2  mm.  iti  diameter,)  falls  apon  the 
iiiuving  sensitive  surface,  thus  recording  automatically  the  time 
and  extent  of  the  deflection.  In  other  words,  owing  to  the  srn- 
cliroiiism  of  the  movcnicnts  of  the  circle,  the  galvauonictcr.  and 
the  recording  films,  the  abscissa  and  ordinate  of  any  part  oi  the 
photographic  curve  correctly  represent  the  position  and  intensi- 
ty of  the  absorption  lines  ofihe  invisible  spectrum.  Such  curvtrs 
\vcre  exliibited  by  Mr.  Lnngley,  allowing  every  detail  of  the  tlier^ 
mn]  variation^  from  the  upper  end  of  the  visible  spectrum  down 
t(t  a  wave-length  of  about  7  microns,  that  is,  through  a  space 
nearly  15  times  as  great  as  the  spectrum  known  to  Sir  Isaac  New- 
ton. 
Each  of  these  curves  was  obtained  automatically  in  less  than  a 
ly's  time,  but  in  spite  of  this,  each  presents  a  multitude  of  de- 
tails <uch  as  would  bare  escaped  the  most  laborious  personal  ob- 
scr\*ati(jns,  and  by  preserving  for  future  study,  many  such  which 
even  an  ex]jcricnL.ed  investigator  might  have  overlooked,  or  if 
seen,  have  omitted  as  being  probably  due  to  accidental  or  unim- 
portant sijurces  of  disturbance,  these  curves  have  wonderfully  in- 
creased the  power  and  range  of  our  investigations.  Ily  securing 
so  complete  a  result  in  so  short  a  time,  Mr.  Langlcy  has  rendered 
it  possible  and  easy  for  us  to  investigate  the  absorption  lines  due 
to  the  earth's  atmosphere;  and  that  too,  in  all  pnrti»  of  the  spec- 
trum, since  we  have  only  to  c<»mpare  among  themselves,  thebolo- 
graphs  made  during  the  morning,  midday  and  evening  hours  re- 
spectively. It  may  therefore  be  said  that  both  the  chemical  con- 
fitttntton  »nd  the  thermal  aljsorbing  power  of  the  atmosphere 
as  a  whole,  arc  now  brought  within  the  range  of  scientific  studv; 
and  this  culmination  of  Langlcy's  work  must  be  hailed  as  be. 
ing  es  important  to  meteorology  as  it  is  to  the  solar  physics;  for 
tiinee  tlic  greater  jintptirtion  of  nil  the  new  lines  mapped,  are  pro- 
bably due  to  absijrption  in  our  own  atmosphere,  and  represent, 
with  hitherto  unheard  of  precision  the  localities  and  extent  of 
that  alworptiAn  as  exhibited  in  the  invisible  spcctrnm,  the  efTecl 
is  nearly  the  same  as  if  he  had  discovered  some  chemical  sensitive 
to  the  whole  nltra-rcd  portion  of  the  spectrum,  in  the  way  that 
silver  salts  are  to  the  vibrations  of  the  violet  end. 

Finally  through  some  automatic  process  which  he  did  not  ex- 
plain, but  which  would  seem  to  be  n  simple  application  of  the 
Woodhnrr,  or  gelatine  process  in  photogravure,  this  bolograph 
record  of  the  infra-red  spectrum  is  converted  into  a  linear  spec- 
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trum,  showing  the  invisible  absorfition  groups  as  the  lines  and 
bands,  so  that  the  final  presentation  of  the  invisible  heat  spec- 
trum resembles,  on  a  smaller  scale,  the  magnificent  photographs 
of  the  visible  solar  spectrum  that  have  recently  been  published  by 
Rowland,  and  from  these,  any  incidental  variations  if  such  exist, 
are  eliminated  by  a  process  resembling  that  of  composite  photo- 
graphy, but  again  entirely  automatic,  and  independently  of  the 
personality  of  the  observer;  the  final  sheets  are  thus  being  pre- 
pared for  publication, — a  publication,  however,  which  is  expected 
to  involve  another  year  of  labor  before  entire  completion. 

Mr.  Langley  mentioned  the  obligations  of  the  Observatory  to 
the  late  Dr.  Kidder,  and  to  the  generosity  of  Mr.  Alexander  Gra- 
ham Bell,  and  alluded  to  the  assistance  he  had  received  from 
Messers.  Hutchins  and  Hallock,  and  especially  from  Mr.  F.  L.  O. 
Wads  worth. 


THE  OBJECT-GLASS  GRATING.* 

L.  E.  JEWELL. 

During  the  last  two  years,  experiments  in  another  line  of  study, 
have  led  me  to  the  consideration  of  methods  by  which  a  photo- 
graphic grating  adapted  to  large  telescopes  niightbe  constructed. 
The  object  sought  was  not  a  substitute  for  either  plane  or  con- 
cave gratings  ruled  upon  speculum  metal,  but  a  satisfactory 
grating  for  obtaining  the  spectra  of  stars,  where  only  a  fair 
amount  of  dispersion  is  desired,  but  intensity  of  light  is  of  the  ut- 
most importance.  At  present  the  object-glass  prism  is  used,  but 
it  is  subject  to  some  serious  defects  and  the  dispersion  obtained  is 
small.  A  photographic  object-glass  gniting  would  answer  the 
purpose  admirably  if  certain  difficulties  could  be  overcome. 
Without  considering  at  length  these  difficulties  let  us  see  how  the 
desired  results  may  best  be  secured. 

The  plan  now  proposed  will,  I  believe,  be  found  to  be  the  most 
satisfactory.  It  is  to  photograph  a  series  of  images  of  a  long 
narrow  slit,  as  perfect  as  one  can  lie  made.  This  can  best  be 
done  by  having  the  slit  and  photographic  lens  fixed,  and  the  pho- 
tographic plate  movable,  by  i)lacing  the  latter  ujjon  the  carriage 
of  a  dividing  engine.  The  carriage  is  moved  along  by  means  of 
the  revolution  of  a  perfect  screw,  which  is  revolved  through  a 
certain  angle,  and  then  the  exposure  made.    This  process  is  re- 
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pcuicd  until  the  desired  iiuitd^er  of  exposiiivs  have  been  mnde, 
when  the  pinte  its  developed  nnd  fixed,  the  rcsnU  fxrin^  o  photo- 
graphic prating. 

Such  lieing  the  geneml  plnn  of  operaunnH,  we  will  now  consider 
the  details.  The  first  thing  necessary  is  ns  perfect  u  slit  as  it  is 
possible  to  secure.  It  must  Iiave  no  irre;;nlaritics.  nnd  should 
be  a  perfectly  straight  line.  I  believe  the  best  results  will  be  se- 
cured by  phntogrnphing  a  wire  stretched  ngninst  a  uniformly 
bright  background.  It  is  absolutely  tiecessan-  to  have  n  photo- 
graphic plate  that  is  prnctienlly  structureless,  so  as  to  avoid 
halation,  nnd  to  so  develop  it  that  the  image  of  the  wire  shall  Iw 
perfectly  clear,  while  the  background  is  as  dark  as  it  is  possible 
to  make  it.  Probnbly  some  form  of  collodion  emulsion  would 
gi\-c  the  best  result.  Whatever  kind  of  film  is  nsed,  it  must  be 
perfectly  clear  and  uniform,  or  it  will  be  u.sek'ss  for  delicate  work. 
In  addition  the  film  must  be  hard  and  firm,  and  possibly  be  capa- 
ble of  taking  a  polish  without  destruction  of  the  image.  This 
might  be  secured  by  a  second  coatiilg  of  very  hard  collodion 
which  could  be  polished,  when  the  grating  is  to  Ik  placed  in  front 
of  nn  ohjcet-fiiss*.  It  may  be  found  best  even  with  a  structurc- 
lc»  plate  to  somewhat  underexpose  and  then  intensify  it  after 
development.  It  will  also  be  found  best  to  have  the  photo- 
grnjihtc  plate  as  long  ns  a  perfectly  pre]>ared  plate  can  be  ob- 
tained, nnd  couvrnientlv  handled ;  for  we  can  then  use  a  eompar- 
ntively  large  wire,  and  thus  avoid  dilTraction  effects.  It  will  not 
be  necessary  cither  to  have  the  image  of  the  slit  so  very  narrow. 
Consc<)uently  we  can  make  a  more  perfect  slit ;  and  by  placing  it 
farther  from  the  photographic  lens  obtain  the  same  width  of 
lines  iu  one  grating  that  we  would  obtain  were  we  to  nsc  a  nar- 
row slit  closer  in  the  lens:  and  the  lines  would  also  be  sharper 
and  clearer. 

This  matter  of  obtaining  a  jjcrfect  slit  is  of  the  utmost  impor- 
tance; and  lime  occupied  in  making  a  satisfactory  one  would  Iw 
well  spent.  The  photographic  lens  should  be  as  perfect  and  well 
«uited  for  the  pur|>ose.  ns  it  is  possible  to  secure,  and  should 
firefcTHbly  be  of  Ii>ng  focus,  and  a  Hat  field,  with  the  utmost  pos- 
nibie  shnri)ness  of  image. 

For  projicrly  spacing  the  distances  between  the  lines  or  images 
of  the  slit,  a  rnltTig  engine  of  similar  construction  to  those  of 
Prolessor  Rowland,  but  larger  and  with  some  changes  made  nec- 
nsnry  by  the  carriage  holding  a  large  photographic  plate,  and 
the  automatic  regulation  of  exposures  as  well  as  the  spacing, 
would  answer  ndtnirably. 


The  photographic  plate  which  is  to  be  nactl  for  rnuking^  the 
grniing  should  be  of  the  same  character  as  the  plate  ascd  for 
making  the  slii.  and  shotiUI  be  as  large  as  can  be  perfectly  made, 
and  satisfactorily  handled. 

The  uimost  efforts  should  Iw  made  to  obtain  a  iMfrfeet  grating 
of  as  larj;e  a  size  as  possible,  for  haring  secured  a  jierfec.t  original, 
an  indefinite  nunil>er  of  copies  can  he  made  either  of  the  same 
size  or  smaller. 

Mavinj^  decided  upon  the  number  of  lines  we  desire  the  original 
grating  lo  have,  the  width  of  the  lines  conipareil  with  the  width 
of  the  sjiaces  can  be  regulated  by  adjusting  the  distance  of  the 
slit,  and  to  some  extent  by  regulating  the  time  of  exposure.  It 
iB  best  to  regulate  the  width  of  the  Iwies  hy  adjusting  the  rhstance 
of  the  slit  from  the  lens  and  to  make  the  time  of  exposure  just 
what  is  nccessari'  to  obtain  the  sharpest  and  blackest  line.  In 
this  way  we  can  secmv  that  width  of  line  in  relntion  to  width  of 
spacing,  which  will  give  the  purest  nud  most  brilliant  spectrum. 

Having  secured  a  satisfactory  grating  of  as  large  a  size  as  can 
be  convenieotly  made,  a  large  number  of  copies  can  l)c  made,  and 
if  the  lines  and  spaces  arc  of  equal  width,  it  will  not  be  necessiiry 
to  make  a  negative  of  the  original  grating  and  then  iwsitivc 
copies  from  that,  for  copies  made  directly  from  the  original  will 
answer  perfectly,  as  there  would  be  no  material  difference  t>e- 
tween  n  negfitive  and  a  positive  of  the  original  grating.  Also  a 
large  grating  can  be  used  for  making  smaller  ones  with  the  same 
noniber  of  lines  per  centimetre  as  the  original,  t>r  a  larger  num- 
ber. However  it  woald  probably  he  found  desirable  to  make 
several  large  original  gratings  having  different  iiumberB  of  lines 
per  centimetre,  for  having  secured  a  lew  original  gratings  of  this 
kind,  they  can  be  used  for  cop_\-ing  almost  inilefinitely  if  well 
taken  care  of,  and  the  copies  should  be  equal  to  the  originals  if 
we  nse  as  perfect  a  copying  lens  as  can  be  secured,  and  have  the 
original  gi-nting  set  «p  with  a  uniformly  bright  background  be- 
hind it.  \Vc  should  niiike  the  copies  with  the  same  kind  of  pho- 
tographic  plates  as  that  used  for  the  originals,  and  more  pains 
should  be  taken  to  secure  optically  perfect  plates  of  glass  upon 
which  the  copies  are  to  be  made,  than  is  necessary  with  the  orig- 
inal gratings. 

1  believe  that  gratings  thus  made  will  answer  best  for  the  pur- 
pose for  which  ihcy  were  originally  designed,  viz.,  for  placing  in 
(rent  of  the  object-glass  o(  a  telcscoiK-,  to  be  used  in  the  same 
way  as  an  object-glass  prism.  One  considerable  advantage  of  an 
object-glass  grating  over  an  object-glass  7)rism  would  Iw  in  meas* 


uriijK  the  displacements  of  lints  caueed  by  tlic  motioa  of  the  lum- 
inous tK>dy  in  tJic  line  of  sight.    Tl)c  >rrHtin(»  would  jpve  a  - 
ti'om  on  each  side  nf  the  central  tma^c  of  n  star;  consc»|ut--i 
di^plncements  could  he  readily  nteasurcd  and  could  probably  h« 
dctennincd  with  more  certainty  than  with  a  slit  anrl  prism,  while 
lliL-  r>lijfct-j»lflw;  prwni  gives  us  no  point  of  rctirrcnce. 

However  there  are  many  other  uites  to  which  these  ^'atings 
ii;       '      nut.    In  the  case  of  n  ruled  jijratinfr  the  ■:  ■      may  be 

ill  -t  any  sha]K,  ihcy  may  lie  of  an  nnsyn  I  shaiK, 

Hnd  instcAd  of  single  grooves  they  mny  he  mtUtipIc  groove*,  or 
i;.  '  ."ir  ndjncent  gr<)Oves  may  overlap,  and  as  a  conseijuence 
■  ■;  ■  iTcgularities,  gvatings  so  made  mny  be  ver}'  irregular  in 
the  distribution  of  light  in  their  spectra.  In  fact  nearly  all  grat- 
ings nrc  likely  to  have  !toiue  eccentricity  of  this  kind,  so  that  in 
the  study  of  the  flistribution  of  light  or  heat  in  the  spectrHm.  a 
niled  grating  is  liable  to  give  erroneous  results.  This  is  not  likely 
t    '  case  with  n  photographic  grating  made  in  the  manner 

.1.  .  for   the  lines   will  be  single  and  syniniclrical  and  the 

width  of  the  lines  compared  with  the  width  of  the  apAces  can  be 
#o  regulated  as  to  give  the  most  brilliant  spectrum  without  any 
irregntnrily  in  the  dtstrlliution  of  the  light.  As  to  how  great  a 
diftpcraion  may  be  obtained  alon^  with  lines  sufficiently  perfect  to 
].'  '  .  1  pure  siwctruni,  that  will  have  to  be  rlctermincd  by  tx- 
\n  -..  as  it  ilejxnds  upon  the  degree  of  perftvtion  of  the  pho- 

togTHphic  plates  itsed.  However,  the  dispersion  will  andonbtcdiy 
1-  '■  i.iii  for  the  piir[»o»c  for  wbicli  tliis  form  of  grating  was 
4.1  i    licstgiicd      Whether  undicicntly    narrow    nnd    at    the 

•amc  time  perfectly  sharp  lines  with  clear  space*  can  lie  produceil 
for  nst  in  gratings  of  greater  dispersion,  depends  upon  the  capn- 
biltliei  of  photograjdiic  meth<idti  nnd  this  is  yet  to  Iw  dctemjincd. 
The  photographic  gratings  described  can  not  well  be  nscd  ex- 
cept when  we  trnnsmit  the  light  thrcmgli  them  and  in  connec- 
tion witlt  A  lenti  or  mirror,  and  in  ease  a  slit  is  used, an  additional 
lens  is  necessary.  £lut  may  not  a  copy  of  the  original  grating  Iw 
pint logra plied  opon  a  metallic  mirror  hnvinR  any  desired  curva- 
ture? U  can  unqucstJiMiably  l)c  done  by  making  the  mirror  in 
i|ue«tton  a  dagTierrcotyi>c  plate.  As  to  whether  or  not  such  n 
g;  _  \ouldgive  a  suflicicntly  brilliant  spectrum,  can  Iwst  be 
d<  -d  by  experiment.     It  may  be  objcctetl  that  a  daguerreo- 

type grating  will  tarnish  nnd  fade.  This  is  perfectly  true  nnd  the 
»»:  '  '    is  to  make  nuotlier  nne  which  «in  readily  be  done  at 

bii  ■   and  with  but  little  trouble,     It  may  also  K'  that 

other  photographic  processes  will  give  letter  results.    If  so,  a 
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pbotogiaphic  grating  ii|>on  anj*  surface  may  be  made  as  readily 
as  «iKni  a  plane  surface,  nn<I  this  will  Ix-  an  advantage  over  a 
ruled  grating  In  one  rcsiK-ct  at  least;  for  in  riding  a  concave  grat- 
ing the  grooves  are  not  likely  to  he  of  llic  same  form  in  the  middle 
and  at  the  sideii.  Another  advfintagc  would  arise  from  the  large 
size  of  the  original  grating,  ilie  spacing  of  the  lines  being  froio^ 
this  cause  necessarily  more  rcgidar,  and  this  advantage  would  be 
retained  when  the  size  of  the  grating  is  reduced  in  copying.  It  is 
very  donbtfid,  however,  if  at  [>resent  a  i)hotographic  gi'ating 
could  be  made  tJiat  would  successfully  take  the  place  of  a  ruled 
grating  where  large  dispersion  is  desired. 
Marietta,  Ohio. 
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Before  I  proceed  in  llie  next  section  to  »  consideration  of  ibc 
most  important  hypotheses  which  have  been  advanced  to  ac- 
count for  iliaL  wondt'rfid  celestial  phenomenon,  the  blaziii}^  forth 
of  a  new  star.  1  have  still  to  mention  some  results,  particularly 
those  ol  the  photometric  observations,  which  we>e  in  this  case 
specially  characteristic  of  the  apparition. 

At  the  time  of  its  discovery  by  Dr.  .\nderKon  of  Ivliidmrg.  on 
Jan.  24, 1892,  the  star  was  between  the  fith  and  6th  magnitudes. 
From  the  numerous  phctomclric  observations  which  were  made 
at  ditlcrent  places  after  the  discovery  became  known,  it  np[Kurs 
that  between  Feb.  1  and  March  6  the  Nova  fluctuated  in  bright- 
ness between  the  4-th  and  Otb  magnitudes.  A  firnt  maximum  fell 
l>etween  the  3d  and  6tb  of  February,  a  second  occurred,  on  the 
I8lii  of  February,  and  a  third  on  the  ^d  of  March.  The  first 
minimum  was  on  Feb.  IHth.  a  second  nn  Feb.  Ii3d,  It  may  be 
nssuMicd  that  more  frequent  but  smaller  fluctuations  occurred, 
particularly  in  the  interval  lietween  the  Srd  and  the  yth  of  Feli- 
mary.  From  the  6th  of  March  to  the  1st  of  April  the  light- 
curve  falls  off  very  abruptly  to  the  13th  magnitude. 

.According  to  the  observations  made  at  the  Lick  Olwervatory, 
the  liglit-cur\'e  shows  a  still  steeper  descent  in  the  early  days  of 

•  Cnnttnncil  from  lUe  CkcftiilK-r  number.  The  RTcatcr  part  ofscclion  tl  id 
oniiltci),  .-)■«  it  ciinnist*  of  an  wlistracl  of  oliscrvations  vvliict>  liavr  nlnr.idj  liccii 
prinlcd  m  Tull  iu  A^tronouv  .^kd  /\srR»-l'uv8ics.  Sonic  remark;;  on  tbc  omittcit 
poriioits  will  be  fuand  in  Asirol'bysit-al  Notes.— Tr- 
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April,  but  fnlls  off  somewhat  less  miMflly  frotii  April  Sth  to  April 
26th.  (the  iliitc  of  the  lost  olwcrvation  with ibc3G-iiichrcfrflc tor), 
whtn  the  tiriglitnrss  dFthf  stnr  had  stink  Co  the  l<Uh  mngiiitudc. 

Ilisa  mutter  ofjrrcnt  iutcrcitt  that  seTcrnlphratnprnphB  of  that 
part  of  the  heavens  in  which  the  Nova  appearcfl  were  made  at 
the  Harvurtl  C</Ilej;c  UbMervrttorv  in  l)cecmlKT,  18i»l.  The  Nova 
i] DCS  not  apftear  un  n  pinte  taken  Dec.  1,  bat  it  dnes  appear  on 
the  ncict  <nie.  taken  on  Dec.  lOtli.  as  n  stnr  of  the  5.4  mnj^nitntle. 
Fnim  the  lOih  (t(  Deccinhcr.  18111.  ti>  the  20th  nCJanuary.  1892. 
twelve  phuto^aptifl  were  taken,  which  Bhuw  that  the  Novd 
rtaeheil  a  maximom  of  briji;htn(»s  (4.5  ma^.)  on  the  2nth  of  De- 
cember. 

It  is  to  be  reynrderl  as  a  very  fortnnatc  circumstance  that  a 
plate  cjf  the  same  part  of  the  sky,  taken  hy  Dr.  Wolf  in  Hcidcl- 
berg,  falls  precisely  in  the  ^rcat  gap  in  the  Cambridge  photo- 
jn^phs.  It  wnH  taken  on  Dec.  8, 1801,  and  doen  not  contain  the 
Sova,  which  most  therefore  hnve  been  fainter  than  the  9th  mag- 
nitude. According  to  tliiit,  die  outburst  of  the  star  must  have 
taken  pliice  verj-  suddenly. 

Many  determinations  of  the  brightness  of  the  Nova  have  been 
made  phdtuj^nphically.  and  they  arc  so  far  interesting  thttt  they 
show  n  more,  rapid  diminution  of  light  than  the  visual  obscr- 
«Uion».  In  this  they  are  in  harmony  with  the  s|»ectroacojjie  ob- 
servations, according  to  which  the  light  fell  ofi"  very  rapidly  in 
the  riolet,  as  would  l>e  cYi^ected  in  the  spectrum  of  a  cooling 
IhmIt. 

(hi  Aug.  17, 1893,  the  Nova  was  rediscovered  at  the  Lick  Oh- 
wn-fltory  as  a  star  of  the  10,5  magnitude."  The  star  had  thcrc- 
ftire  diminiKhnI  in  brightness  in  f>ctol>er  and  November,  but  in 
[tcccmbcr  of  last  year  and  the  l>eginning  of  this  it  had  again 
rrached  the  10th  magiittuilc. 

.Vt  the  occasion  of  the  Nova's  rediscovcn*.  several  of  the  Lick 
l)V»ervatory  astronomers  obseo'cd  that  the  appearance  of  the 
•tor  was  different  from  that  of  other  stars  of  the  same  magni- 
tmle.  but  the  Moon  was  near  and  the  observations  were  dilfictilt 
an  account  of  the  brightness  of  the  background.  With  the  36. 
inch  rcfrnctor  on  August  10,  Barnardt  found  the  Nova  to  be  n 
nebnta  3"  in  diameter  with  a  KHh  m/ignitnde  stnr  in  its  center. 
This  apiiearancc  has  not  materinlly  chnngcd  throughout  the 
further  obser%-Alions  that  hnve  f»cen  made.  This  brightness  of 
the  tiuclctitt,  ns  well  ^ls  that  of  the  uebuhms  envcl(»[)e,  has  under- 


'  Publications  at  the  Astrunamicnl  Society  of  th-  I'Acific,  Vul,  IV,  p.  'Ji!\. 
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goue  ^uctuHtious,  Iiut  the  diameter  ha»  remained  coiistaut.  lu 
all,  sixteen  obscrvatious  l>,v  Barnard,  from  Aug.  19  to  Dec.  5, 
Itave  been  publiBlieU. 

A I  the  I'ulkowa  Observatory,  Ring  aiid  some  other  astrono- 
mers observed  a  aitiiilar  aspect  of  the  Nova.  Tlic  Nova  appeared 
a>>  a  iiiimite  star,  surrounded  by  a  nebulous  nureole.* 

The  photographs  taken  by  RobertsT  with  liis  20-inch  reflector, 
on  Oct.  3,  18U2  (exf>08ure  110  nnn.),  and  on  Dec.  25.  1892  (ex- 
posure  20  niin.),  do  not  show  a  nebulous  cnvclnix',  which  shows 
that  tile  nebulosity  could  not  have  been  more  than  21"  in  diame- 
ter, this  Ixriug  the  dianicler  of  the  star  image  on  his  first  plate. 

Since  tt  cannot  be  assumed  that  so  excellent  an  observer  as 
Barnard  could  have  Ijeen  deceived,  his  obsen-alions  are  well 
worth  a  more  careful  consideration;  it  would  surely  be  of  the 
highest  interest  to  deccrmiDC  with  certainty  whether  the  Nova 
suddenly  changed  into  a  nebula,  or  whether  its  stellar  character 
was  retained  in  its  second  appearance. 

I  think  that  I  cau  now  give  a  ver>-  simple  explanation  of  the 
peculiar  appearance  of  the  star  as  seen  with  the  great  refractors. 

In  the  refractor  of  the  Lick  Observatory,  the  distances  between 
the  focal  planes  for  rays  of  different  wave-lengths  arc  very  con- 
siderable; for  example,  the  diflercnce  of  focus  for  V  and  Hy  is, 
according  to  Canipl*ell,  37  mm.,  and  for  Hy  and  Urf,  34  mm. 
Although  the  magnitude  of  tiiesc  diflerenccs  is  somewhat  strik- 
ing, they  nre  relatively  no  greater  thnn  in  other  visufilly  achro- 
matized telescopes,  as  may  be  seen  by  referring  to  my  investiga- 
tion of  the  circles  ofchnmiaiic  nl>erration  in  different  telescope 
objectives-t  The  nehromatiitm  of  the  36-inch  objective  seems  to 
(lifler  but  little  from  that  of  the  objectives  by  Grubb,  :tnd  under 
this  assumption  the  foci  for  rays  having  the  wave-lengths  495 
and  +Sf>  M>'  (F)  would  diftei*  respectively  froui  the  focus  for  A  500 
by  0.(KKHO  and  0.00025  of  the  focal  length,  or  in  the  case  of  the 
Lick  telescope,  by  1.7  mm.  and  4.3  mm.  Placing  the  circle  of 
aberration  for  A  50(>  =  0,  computation  gives  for  the  circles  of 
eiberratiou  of  the  rays  A  495  and  A.  48(>  the  values  0.09  mm,  '= 
I'M  and  0,23  irnn.  =2".ti  respectively.  Kenivmbcring  now  that 
the  S{H;ctnmi  of  the  Nova  at  that  time  was  discontinuous,  con- 
sisting of  H  line  at  A  500  with  intensity  10,  a  second  at  K  495 
with  iuteustty  3,  and  a  thirri  at  A  486  with  intensity  1,§  it  ts  evt- 

^A.N  .3110. 
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dent  that  with  the  focus  adjusted  on  the  brightest  rays  ^  600,  a 
stellar  point  would  be  seen,  snrrounded  by  a  circular  halo  about 
I'M  in  diameter,  which  with  less  magnification  would  blend 
with  the  star,  and  around  that  a  second  bluish  halo  about  2". 8 
in  diameter.  In  a  telescope  without  chromatic  aberration,  i.  e., 
a  reflector,  on  the  other  hand,  all  rays  would  be  united  in  a  sin- 
gle point,  and  the  Nova  would  appear  as  a  star. 

The  other  violet  lines  in  the  spectrum  of  the  Nova  are  very 
faint  in  ccmparison  with  the  line  at  ^  500,  and  give  such  large 
circles  of  aberration  that  the  latter,  from  their  faintness,  would 
be  invisible.  The  group  of  lines  the  brightest  of  which  (inten- 
sity 0.7)  has  the  wave-length  4;G3m^*,  would  give  a  circle  of  aber- 
ration 12"  in  diameter,  and  the  line  at  A  4-36  {intensity  0.8)  a 
circle  24"  in  diameter.  The  above  considerations  and  a  note  by 
Barnard  in  A.  N.  3114  and  3118,  appear  to  confirm  my  view 
that  the  observed  nebulous  envelopes  of  the  star  are  nothing 
more  than  circles  of  chromatic  aberration.  The  note  reads  "  the 
nebulosity,  which  was  pretty  bright  and  dense,  was  found,  by 
the  micrometer  to  be  3"  in  diameter.  Surrounding  this  was 
a  fainter  glow  perhaps  half  a  minute  in  diameter."  In  the 
Pulkowa  refractor  the  appearance  was  quite  the  same.* 

Further  confirmation  of  the  correctness  of  my  explanation  is 
found  in  notes  on  the  observations  themselves.  Barnard  says ;  t 
"October  25 :  I  do  not  think  the  nebulosity  has  decreased  in  ex- 
tent. November  4:  The  nebulosity  aijd  nucleus  are  bluish  white. 
XovemberlS:  Nebulosity  dense  and  bhiisli.  .  .  An  inspection  of 
these  notes  shows  that  in  determining  the  brightness  of  the  Nova 
in  its  present  condition  much  will  dcpeiul  upon  the  telesco])e  and 
majrnifyiiifi  power.  With  a  low  jxnver  on  a  telescope  inndequate 
to  show  its  true  nature  the  Nova  is  lirigliter  than  sU'ir  V.  With 
a  high  power  on  an  instiunient  capable  of  showing  it  well,  the 
star  itself  (or  more  properlv.  nucleus)  is  decidedly  fainter  than 
starF." 

With  a  high  power  the  circle  of  .'iliL-rration  for  A  495  appears 
distinctly  separated  from  the  star;  the  star  formed  of  rays  of 
wave-length  500/^/',  is  estimated  to  be  fainter  than  when,  with  a 
luwer  power,  the  circle  and  star  blend  together  from  insufficient 
magnification. 

It  appears  from  the  following  notes,  moreover  that  the  Nova  at 
its  first  ai>pearance  as  seen  in  the  Lick  instrument  differed  from 

*  The  same  explfinntion  i>f  tint  iipiJearatKv  of  the  Nova  in  Inrj-e  refractors 
was  alsojjiven  b_v  Newall  {Xature,  Nov.  3,  181)2).  See  also  Astro-I'liysical  Ni>tcs 
ill  this  journal.  Fehruarv,  1H03.— Tr. 
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other  stars  nccording  to  the  prominence  of  the  bright  lines  as 
compared  witli  the  continuous  spectrum.  In  tliis  cnse,  however, 
the  difference  was  less  marked,  because  seveml  lines  occurred  be. 
tween  C  and  1*,  and  the  relative  intensities  of  tJic  lines  were  dif- 
ferent. "  1892,  Aprii  +:  Nova  is  somewhat  nebulous."  "Nova 
seems  to  be  fuzzy  at  times.  Is  it  in  focus  when  the  other  stars 
are?"*  The  last  note  is  particularly  convincing,  for  it  is  evident 
that  the  focusiajj  was  difficult  because  the  differences  of  bright- 
ness of  lines  were  not  very  great,  while  in  the  present  spectrum, 
in  which  the  line  \  500  dominates,  the  focus  can  not  Ik:  well  ad- 
justed except  on  the  point  where  rays  of  this  wave-length  arc 
united. 


III.    Hypotheses  in  Regard  to  the  Nature  of  the  New  Star. 

In  spite  of  the  inconsiderable  brijjlitncss  of  the  new  star,  tiie 
application  of  improved  instrumental  means,  und  particularly  of 
astronomical  spectrum  photography,  has  resulted  in  a  collection 
of  observational  niaterial  so  rich  that  observations  of  all  previ- 
ous occiincnccs  of  the  same  character  api>car  poor  by  compari- 
son. 

A  considerable  advance  in  our  kno\vle<lge  of  these  celestial  phc-J 
nomcna  ia  therefore  to  be  expected,  and  in  my  opinion  it  will  b 
found  to  be  sutistantiaJly  this:  that  we  can  no  longer  regard  the 
assumption  of  a  single  body  as  sufficietit  in  any  explanation  of 
the  occurrences  which  we  are  considering.  Although  in  car- 
h'cr  cases  it  was  possible  to  advance  hypotheses  which  were  suffi- 
cient to  explain  the  imperfect  obscrvationB.  and  jjarticularly  ap- 
pearances which,  owing  to  unfavorable  circnmstances,  were  never 
clearly  developed  (for  it  should  not  be  forgotten  that  it  ia  to  be 
fCgartled  as  an  especial  piece  of  good  fortune  that  in  this  case  the 
components  of  the  motion  of  the  bodies  in  the  line  of  sight  were 
great  enough  to  allow  their  spectral  lines  to  be  separatetl),  the 
real  cause  of  the  sudden,  tremendous  catastrophe,  to  which  was 
ascribed  thcoutburet  of  incandescent  gas  from  the  interior  of  a 
partly  cooled  body,  remained  hidden  in  total  obscurity.  It  is 
therefore  easy  to  understand  why,  among  the  numerous  attempts 
which  have  Ix^n  made  to  explain  the  phenomena  presented  by 
Nova  Aurigse,  the  assumption  of  a  single  body  occurs  in  only 
<)uitc  sporadic  cases. 

I  believe  that  I  am  justifietl  in  passing  over  all  attempts  at  ex- 
planation which  rest  upot)  snch  an  assumption  as  this;  ibr  cxam- 
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pie  tbr  suuigcfttioti  that  a  celestial  body  has  suddenly  tmiptcd 
-  maUcr  from  its  interior  with  such  violence  (of  course  in 
.  -.  .-non  as  nearly  as  possible  opposite  to  the  Sun),  that  the 
gOMOus  matter  has  tx-en  tliro%vu  off  Jrom  the  body,  and  that  the 
two  t»arts  ore  separating  with  a  relative  velocity  of  more  thaji 
4*H)  miles  per  second.  I  will  also  merely  stale  in  the  words  ul'the 
aothor  himself,  a  hypothesis  of  Sidgrcaves  (whose  excellent  ob- 
xerviLtions  I  have  mentioned  in  a  previous  section),  since  I  hftve 
not  succeeded  in  Toruiing  a  perfectly  clear  picture  of  the  action  he 
conceives  to  have  taken  place:  "The  widening  of  the  lines  must 
be  attributed  to  circular  velocity  in  a  plane  or  planes  not  prenily 
inclined  to  our  sight  line,  and  the  advancing  parts  of  the  whirl- 
ing gnscB  must  be  covered  by  o  sufficient  depth  of  alisorbin;;^  me- 
dium to  give  the  dark  bands.  A  great  cyclonic  stonn  of  heiitcd 
gases  mshing  towards  ns  in  the  lower  atmosphere  of  the  HUir, 
trending  upwards  nnd  returning  over  the  star's  limbin  the  higher 
regions,  wonld  satisfy  all  the  requirements  of  ihc  s|;»e<^tnmi.  and 
might  meet  with  favor  if  only  we  could  acceju  the  form  of  disturb- 
iLDce,  the  high  veluLities  and  six  weeks'  (?)  duration  or  probab- 
ilities. Bui  if  we  estimate  possibilities  in  the  hentetl  atmosphere 
tif  B  giant  star  by  the  ^-elocitics  and  durations  of  some  of  ttic  de- 
Hiructtve  cyefonic  hurricanes  in  the  cold  atmosphere  of  our  little 
Earth,  we  con  Imrdlv  denv  possihilicv  to  this  origin  of  the  spec- 

I,ockycr+  sees  in  the  phenomena  of  the  Kova  a  confirmation  of 
his  mcteoritic  hyphothesis.  and  explains  them  as  the  result  of  the 
collision  of  two  meteoric  swaniia,  a  somewhat  dense  swarm, 
moving  in  the  tlirection  of  the  Earth  with  great  velocity,  passes 
through  n  less  compact  swarm  moving  in  ihcopi)osite<lirectioo. 
Hnt  why  all  the  luirticles  of  the  denser  swann,  or  at  least  most 
of  them  should  give  spectra  with  dark  {absorption)  lines,  and 
tlie  particles  of  the  sparse  swarm,  for  the  most  part,  spectra  with 
bright  lines,  is  not  further  c-xplaincd;  nor  is  the  f|ucstion  investi- 
gated,  how  the  enormous  relative  velocity  of  over  +6(1  mile*  per 
second  cnn  [MTsist  alter  the  mutual  penetration  of  two  cosmical 
clouds  or  meteoric  swarms,  involving  the  close  passage  and  incv- 
itAble  collisions  of  particles  whose  masses  are  of  the  same  order 
and  the  tpansfomiation  of  their  energy  of  motion  into  heat. 

More caj-efully  considered,  and  more  in  accordance  with  prob- 
ability and  the  observed  facts  are  the  views  which  Hngginsi  has 
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fully  developed,  and  since  such  relations  ore  apparent  ia  the 
jhripht  nnd  dark  lines  in  the  si»eclnim  nf  the  Nova,  it  can  hardly 
il»e  denied  that  the  above  nssumption  has  ninple  justification. 
Hu^^ns  b  of  the  opinion  that  the  luminous  source  which  gave 
the  cimlinoos  spetimni,  crossed  by  ilnrk  lines  filron>;ly  displaced 
toward  the  violet,  nlwfiysremainetl  within  an  envehijje  ol  cooler 
absorbing  gas,  funning  with  the  latter  the   body    which   ap- 
proached the  Karlh.    The  i-eason  that  therccc<Iing  body  emitted 
bright  lines,  while  the  approaching  body  gave  a  continuous  spec- 
trum  with  dark  bands,  >Iiiggins  believes  is  to  W  found  in  the 
rdifTerent  stages  of  development  of  the  two  bodies,  and  conse- 
'qucntly  in  the  accompanying  diversity  of  density  and  tempera- 
tore  which  must  exist  in  them. 

Finally,  Huggins  <lirects  attention  to  the  variations  of  light 
which  took  place  in  the  beginning,  and  the  rapid  diminution  of 
light  which  followed:  also  to  the  fact  that  the  spectrum  showed 
no  changes  in  the  relative  brightness  of  the  principal  lines  as 
long  as  they  cuuld  \te  observed.  Here  also  Ik:  linds  support  for 
the  Tiews  which  he  hoUls.  After  several  oscillations,  the  tidal 
Itflturbnnces  were  followed  by  a  state  of  (juicscence.  the  outer 
^atid  cooler  gases  again  completely  enclosed  the  bodies,  and  the 
transparency  of  the  atmospheres  diminished  as  tlic  distance  be- 
tween the  bodies  incrensed. 

The  doubts  which  ojipoBe  themselves  to  these  views  of  Hag- 
gins,  and  to  nil  similar  hypotheses,  arise  mainly  in  the  improba- 
bility of  the  meeting  of  two  bodies  moving  in  ojjposite  directions 
witli  such  abnonnal  velocities.    If,  with  Huggins,  we  reganl  the 
liruad,  bright  lines  as  single  (broadened)  lines,  and  the  maxima 
■vrhich  appeared  in  them  as  phenomena  of  reversal,  the  displace- 
rtnent  of  the  michllc  of  the  lines  as  compared  with  ibe  correspond- 
ing lines  of  the  terrestrial  source  is  easily  determined,  and  the  re- 
tnlt  i!<  a  motion  of  about  21i>  miles  i)cr  second  away  from  the 
^San  for  the  one  body,  and  a  motion  toward  the  Sun  of  about 
4tMi  miles  i)er  second  for  the  other.    If  we  consider  further  thai 
■these  are  onlv  the  componenLs  of  motion  wliich  lie  in  the  line  of 
i»ight.  and  thai  the  real  motions  may  be  much  greater,  the  im- 
probability becomes  even  greater  than  before. 

Tltc  fine,  bright  lines  which  appear  in  the  dark  lines  of  hydro- 
gro.  1  have  regarded  as  reversals  from  the  fii-st,  but  to  refer  the 
maxima  of  intensity  in  the  bright  lines  to  a  similar  cause  seems 
to  l<  hiirdly  jnstifiabU'  according  to  my  observations,  and  this 
constitutes  the  second  objection  which  I  hiive  to  make  to  the 
WW8  advanced  by  Huggins.    In  the  normal  course  of  develoip. 
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Ijody  allows  the  conclusion  to  be  drawn  that  it  was  the  chief 
Imdy  of  tlic  Msteni,  and  that  its  vch>city  is  to  be  nscrilH*d  to 
initinJ  mumcntum.  and  not  to  the  attraction  of  other  tiodies. 
The  second  body  (or  system  of  bodies)  was  then  the  one  that 
was  renderrd  incandescent  in  the  atmosphere  of  tlie  first.  In 
comparison  witti  the  first,  its  mass  was  &tnallur,  and  hence  by  itd 
pa5S4)>:c  Lhrongh  the  atmosphere  of  the  first,  a  safficient  quantity 
of  Ileal  nii^lil  have  been  evolve*!  to  convert  it  into  glo';\Hnj;  va- 
por. Tlic  iicriirrviicc  must  have  l»ccn  jinalogons  to  the  explosion 
of  n  meteor  in  the  atmosphere  of  the  Earth,  (or  to  a  cnmet  at 
rihelion),  whose  small  mass  is  rendered  incandescent,  and  re- 
''duccd  to  ;^hiwtiig  vapor,  without  making  luniinous  the  atmofu 
phcre  itself  " 

"This  small  muss  probably  dcst-rihcd  a  liyi»erboIic  orhit  around 
the  fjrinci(Mil  bridy.  After  it  passed  out  of  the  ^;iseous  enveIo|je  of 
the  hitter  its  hrtHiaiu*y  would  >JC  rapidly  extinguished  as  we  saw 
was  nctnnlly  the  cjise.  A  secondan.-  brightening  is  often  observed 
in  meteors  and  comet.s,  as  well  as  a  continual  flnclnation  of  light 
daring  the  hitler  pari  of  their  period  of  visibility." 

It  is  not  immediately  eU-nr  how  Helopolpky  amves  at  the  as. 
sumption  that  the  body  with  bright  lines  in  the  spectrum  was 
perhaps  moving^  away  fVom  us  at  the  beginning  of  the  obscrva- 
iJdTis.  and  afterward  toward  us.  This  assumption  is,  htjwcvcr, 
a  conBe<)iici)cc  of  the  supposition  that  the  amount  of  the  displace- 
ment of  the  bright  lines  cannot  bo  correctly  dclermined,  on  ac- 

>nnt  of  the  imsynimetrical  form,  due  to  the  presence  of  the  dark 
^Dcs,  and  it  ia  based  opon  a  small  change  which  Belopolsky  ob- 
in  the  intensity  curve  of  the  bright  H;'  line  between  the 
"first  three  and  the  Inst  three  obserx-ations. 

{To  bg  Coattnued.] 
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Ad  antcloi  ami  i:orjvt\Ktnt\nux  rvlntmi:   to  stpcctruitcupy  and  ollwr  mbjcct* 
Df  ly  riKluitni  in  Ai«Tniv.pj(Vi<;ii»,  shoultl  be  aildirsscd  to  (iCOi'Kr  K.  Ilnir,  Ken- 
Obacrvatory  of  the  t'litvrrMty  of  Cfaii'.igo,  Cbicngo,  U.  S.   A.    Autltora  of 
■pR«  mn  mianttcd  to  refer  tu  last  piig«  for  itirurnintiuii  tu  r^ard  loinnxtia- 
k,  rrprinl  cnpiet,  etc. 


■onitcur  CoTnti'a  Spectroscopic  lavcstlKitions.— A  vi»it  to  M.  Coniu's  labora* 

'.'in'  ::t  :1a'  Hcatc  Pulyu-chnit)tit:  in  Puri^  U  lull  o{  inttntt  to  tlic  spcctroKopict. 

iiccti  written  fruni  time  to  time  on  thesn-ealtcd  "secundary"  Bfiectrnm 

v'l  !>..  I'-gi-n,  nnti  ihc  difRi-utty  of  obtaiotn^;  the  tinea  of  Ualmer'tt  scms  in  tfar 

vamina  tube  is  wcll-knoftit.     froSe^uit  Coniu'a  earlier  pliotogrn plis  of  the  nitra- 
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ally  oilcctcd  by  scintillation.  A  drcumpolar  star  photographed  when  near  the 
horizon  and  again  at  its  upper  cnlmination  gave  equally  sharp  lines  in  the  twu 
caacs. 

The  tube  ot  the  8-inch  refractor  has  recently  been  enlarged  and  lengthened  to 
fit  it  for  a  15-inch  objectiye  just  completed  by  Sir  Howard  Grubb.  The  mounting 
has  fortunately  proved  itself  capable  of  carrying  the  increased  weight,  and  the  in- 
strument in  its  improved  form  will  Stand  as  a  most  suitable  memorial  to  the  late 
Father  Perry.  In  the  able  hands  of  Father  Sidgreaves  the  greatly  increased  light- 
grasping  power  of  the  telescope  will  be  of  important  service  in  his  photographic 
invefltigations  of  stellar  spectra.  c-  e-  h. 


Profeasor  Iiockyet'a  Kesearches  on  Stellar  Spectra.*— The  well-known  opinions 
which  Professor  Lockyer  holds  with  regard  to  the  origin  and  constitution  of  the 
difierent  classes  of  heavenly  bodies  have  been  largely  founded  on  the  obserrationa 
of  others,  as  his  own  work  has  until  quite  recently  been  confined  to  the  sun  and 
to  laboratory  investigations.  During  the  lost  two  years,  however,  spectroscopic 
observations  of  the  brighter  stars  have  been  carried  on  under  his  supervision  at 
Kensington,  and  the  principal  results  are  embodied  in  a  memoir  which  has  just 
been  published  in  the  Philosophical  Transactions  of  the  Royal  Society.  The  ob- 
aervations  are  discussed  with  special  reference  to  [heir  bearing  on  Professor  Lock- 
yer's  mcteoritic  hypothesis,  the  objects  of  the  inquiry,  as  stated  in  the  memoir, 
being  as  follows:  — 

(1).  To  determine  whether  the  hypothesis  founded  on  eye  observations  is 
also  demanded  by  the  photographs. 

(2).  In  the  affirmative  case  to  discover  and  apply  new  tests  of  its  validity, 
or  otherwise. 

The  reader  of  the  memoir  will  naturally  look  with  interest  for  Professor 
Lockyer's  deductions.  For  a  complete  statement  (if  the  argument  the  paper 
itself  must  be  referred  to,  but  some  of  the  matters  which  enter  into  the  discussion 
are  considered  below,  nut  [icrliiips  in  all  irascs,  on  account  of  their  benring  on  the 
main  line  of  the  argunicnL,  l»ut  iKcause  they  have  l>ccii  the  sulyccts  of  more  or 
less  controversy.  • 

Various  instruments  were  employed  in  the  investigation,  the  most  effective 
form  being  the  objeet-glass  siwctrosciipe  originally  used  by  Fraunhofer,  and  re- 
cently revived  with  so  niucli  success  at  Harvard  College  Oliwrvatory.  The 
largest  of  these  instruments  hid  an  aperture  of  ten  inches;  other  tele»cii|>es  with 
sii  inches  ai>erture  were  however  more  frequently  used,  and  some  photographs 
were  taken  with  a  8jK'ctrosco|K:  having  a  slit  and  collimator.  In  enlarging  the 
onginal  negatives,  the  breadth  was  iuereasi'd  bv  «  device  quite  similar  to  that 
used  by  Dr.  Scheiner,  the  only  difference  Ijeing  tliat  the  reciprocating  motion 
across  the  length  of  the  S|»ectrum  was  given  to  the  negative  instead  of  to  the 
plate  on  which  the  enlargement  was  made.  While  it  is  doiibtful  whether  there 
would  be  any  appreciable  difference  in  the  results,  if  the  apparatus  in  each  case 
was  well  constructed,  the  advantage,  if  any,  would  seem  to  lie  with  the  arrange- 
ment of  Dr.  Scheiner,  as  with  his  construction  any  irregularity  of  lilting  or  mo- 
tion of  the  slides  would  have  less  effect  on  the  cnlargcniciil.  The  method  em- 
ployed at  Kensington  had  been  in  use  for  some  time  lH.'fore  Dr.  Seheiner's  mclhod 
was  announced- 

In  all,  443  photographs  of  the  spectra  of  171  stars  were  obtained.     As  the 

*  On  the  Photographic  Spectra  of  some  of  the  Ilrighter  Stars.  Bv  J.  Nor- 
man Lockyer,  F.  R.  S.,  Philosophical  Transactions,  Vol.  18+  (1893),  pp.  G75-712C>. 
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in  general  it  could  not  be  studied  in  these  spectra,  as  they  did  notrxteiA]  suf- 
ficiently far  into  the  violet  for  the  purpose.  In  the  case  of  Arcturus,  however, 
the  only  star  in  which  this  region  was  photographed,  the  solar  carbon  band  at 
A  3883  was  apparently  present,  but  had  nearly  the  same  intensity  as  in  the  solar 
spectrum. 

With  regard  to  the  presence  of  carbon  in  stars  of  Secchi's  third  type,  (placed 
by  Lockyer  in  Group  II,  with  ascending  temperature),  the  evidence  of  thi^  photo- 
graphs does  not  seem  to  be  in  favor  of  that  important  part  in  determining  the 
character  of  the  spectrum  which  it  is  assumed  to  have  in  the  meteoritic  hjrpothe- 
eis.  In  the  spectra  of  a  Herculis  and  a  Ononis,  photograped  on  isochromatic 
plates,  the  bright  edge  of  a  fluting  agrees  closely  with  the  brightest  edge  of  the 
carbon  fluting  at  X  5165,  but  the  coincidences  of  bright  places  in  the  star  spectra 
with  the  two  secondary  maxima  of  the  same  fluting  are  more  than  doubtful  in 
the  case  of  a  Herculis,  (the  discrepancies  amount  to  about  eight  tenth  metres), 
and  apparently  no  bright  places  corresponding  to  them  exist  in  the  spectrum  of 
a  Orionia.  It  is  possible,  as  Professor  Lockyer  suggests,  that  the  secondary  max- 
ima may  be  masked  by  some  of  the  dark  lines  which  appear  in  the  same  region. 
Other  flutings  of  carbon  are  not  represented  in  the  spectra  of  these  stars,  but 
there  is  said  to  be  strong  evidence  of  the  existence  of  the  ciirbon  group  commenc- 
ing at  wave-length  -1215.6,  in  a  photograph  taken  by  Professor  Pickering.  Al- 
though the  evidence,  taken  as  a  whole,  will  probably  appear  pretty  slight  to  the 
reader.  Professor  Lockyer  considers  it  sufficient  to  establish  the  presence  of  bright 
carbon  flutings  in  these  stars. 

In  all  the  photographs  of  stars  of  this  type  taken  at  Kensington,  the  sharp 
edges  of  the  dark  bands  have  the  same  positions.  The  slight  differences  found  by 
Dun^r  and  Vogel  are  to  be  ascribed  to  the  diWcukies  nf  eye  observation,  and 
perhaps,  in  a  small  degree,  to  differing  velocitit-s  in  the  line  of  sight. 

The  iron  lines  in  the  sjiectnim  of  a  Ononis  are  inU-rmediatc  in  character  be- 
tween the  lines  of  the  arc  and  those  of  tlif  flame  sijct-truni,  and  the  inference  as 
to  the  temperature  of  the  regions  in  wliicli  the  absorption  tnkcs  plnce  is  obviotis. 

Stars  of  Secchi's  fourth  tyi>e  could  not  !«;  jihotograplied  at  KensiTigton.  anil 
for  reasons  already  given,  the  hrighl-linc  s))eetra  which  were  obtained  are  not 
considered  in  the  memoir.  There  is,  however,  a  very  clear  Htatemcnt  of  the  ap- 
pearances to  Ik:  ex]K'ctc<l  on  the  hvjiothesis,  as  coni|»arod  with  the  np|K'arances 
actually  observed,  which  covern  the  whole  range  of  stellar  deveioiinient.  In  this 
some  modifications  of  former  views  will  l>e  noticeil.  Thus,  the  explanation  on  p. 
710  of  those  lines  (Dj,  A  44-71  )  in  the  sfRvtra  of  tlie  nel)ula-  which  are  eonsiticiTrl 
to  inilicate  a  hif;h  temperature, — nainelv  that  they  rre  due  to  the  relatively  small 
nunii)cr  of  end-on  collisions  among  the  inetcoriler*  iif  the  swarm, — must  lie  re- 
garded as  very  much  niorc  s.itisfaetorv  than  the  vague  suggestion  tliar  "the  de- 
gree of  fineness  which  is  brought  about  by  temperature  in  the  ease  of  the  Sun,  is 
hrought  about  in  the  spaces  l)etwecn  incleoritcs  liy  extreme  tenuity,"'  {Prnc. 
Soy.  Svc.  Vol,  48,  p.  131),  1^57).  We  find  also  an  explanation  of  the  reversal  ot 
the  hydrogen  lines  in  such  stars  as  I'kione. 

Professor  Lockvcr  is  reluctant  to  abandon  the  magnesium  origin  of  the  eliiel 
nehul.-ir  line,  while  holding  that  it  is  not  of  fun<lamcutal  impurlanee  in  his  ari;u- 
ment.  Commentin;;  on  the  oliservations  made  at  the  Lick  Observatory  on  the 
character  and  ])or.ition  ol  this  line,  he  says,  "The  Lick  tcleseo|ie  is  perhaps  the 
ideal  telesco]>c  not  to  employ  in  such  an  inquiry-"  This  is  doulitless  a  survival 
of  the  idea  that  a  short-locus  tekseo]H:  gives  brighter  six'dra  than  a  iDng-loeiis 
one,  and  illustrates  the  tenacitv  of  life  in  a  fallaev  which  has  once  oblaineil  wide- 
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sprend  betict'.  Tlie  brightness  of  the  Ejiectriini  as  seen  in  a  s)>ectroscoi>e  cannot 
Ix:  deternniied  by  the  briglitntss  of  thv  imngc  on  the  alit-plate  without  consider- 
ing the  dimensions  of  otlicv  parts  of  the  instrument,  the  true  criterion  of  bright- 
ness being  the  effective  ajKriure  of  the  spectroscope;  thus  the  spectrum  obtained 
with  the  long-focus  telescope  may  very  Hkely  be  the  brighter.  The  longer  tele- 
scope has  moreover  an  advantage,  which,  as  it  involves  a  physiological  effect, 
cannot  l)c  expressed  mathematically,  but  which  is  nevertheless  of  very  consider- 
able importance;  and  that  is  the  larger  scale  of  the  ininge  on  the  slit-plate,  and 
consequently  greater  length  of  the  lines  seen  by  the  olwervcr.  This  advantage  is 
obviously  greatest  for  small  objects,  and  is  reduced  to  nothing  for  objects  exceed- 
ing a  certain  (indeterminate)  angular  magnitude.  As  .1  matter  of  fact,  the  Lick 
telescO)K'  as  much  exceeds  in  precision  any  instrunient  which  had  l>ccn  used  for 
the  sanie  class  of  observations,  as  the  meridian  circle  exceeds  the  sextant. 

A  more  important  question,  with  reference  to  its  l)earing  on  the  metroritic 
hyi)Othesis,  is  the  presence  of  bright  carbon  flutinii;s  in  the  s]>cctra  of  nebula;  and 
bright-line  stars.  For  stars  of  the  Wolf-Rayct  class  it  seems  to  have  been  pretty 
definitely  settled  in  the  negative;  for  other  stars  the  existence  of  carbon  radiation 
cannot  be  said  to  have  obt;iined  general  acceptance;  hut  Professor  Lockyer  has 
reserved  this  branch  of  the  inquiry  for  another  paper,  wiiich  will  be  looked  for 
with  interest. 

Some  other  points  brought  out  in  the  memoir  m,'iy  still  be  mentioned.  Fine 
lines  appear  in  the  photographic  sijeclrum  of  (»  Aqtiileo.  in  addition  to  the  particu- 
larly hazy  lines  which  arc  most  consptcnous;  hence  the  explanation  suggeslcd  l)y 
Professor  Pickering ( /1/ina/s  of  Harvai li  College  Observatory,  vol.  'JG,  p.  21),  that 
the  haziness  is  caused  by  a  very  rapid  rotation  of  the  star,  must  be  rejected.  A 
comparison  of  photographs  of  the  spectium  of  ft  Tiiuri  taken  at  Harv.ird  College 
Obscrvat()ry  and  at  Kensington  shows  some  evidence  of  slight  changes  in  the  rel- 
ative strength  of  the  lines.  The  presence  of  the  si-ricsof  hydrogen  lines  in  the  nit ra- 
violet  is  not  in  itself  evidence  of  a  very  high  temperature.  Cornu  h:is  obtained  the 
complete  series  of  lines  with  an  ordin.iry  spark  without  jar.  The  hijih  tempera- 
ture of  such  a  star  as  Sinus  is  not  indicated  by  the  fatt  that  its  s]  ectruni  shows 
the  whole  scries  of  hydrogen  lines,  bnt  by  the  fad  that  there  is  briylit  continuous 
radiation  far  in  the  ultra-violet. 

It  will  be  observed  that  the  stars  considered  in  the  nienmir.  or  rathir  theslara 
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Hrw   Stan.— Some  fir(,M*n  yenr*  nftn  Prornnur  Bikkn-tan    pnlilwhed  in  the 

'TmiiMicdorts  or  tliff  New  Zcnlntid  Idsiiuitc"  a  miHioj;niph  lirnrinK  ""  ihc  ori. 

Cin    "f  «<-*■  *mr»,  which  miiy   ihruw  nunie   iii-w.'   li^jlit  un   Uie   oullmn>ls   laei 

ot  .Auf i/-«.     lie  thcrt  iitlrihmcs  new  Pturs  tn  0  "CTlt- 

-    Oil-  iIw  &iiti.    Tlic  ii-ii>|wrjitiH%-  ilrfolujwtl  is  indepcndeni 

ui  Ibe  iini'iutit  III  ^iiaaoK,  '■nd  in  siiiiilar  suhnliiiK't's  iic|ini«)tt  uiily  on  titc  vcli>t!lLy 

•V>ii....-il    .■>  (h»t  lIic  rt»>i1ltini  IkhIj'  unuld  lir  oh  if  %hv  whotc  !^ttn  colltikil.    An 

ml  ImkIjp  may  \mi  vrcHltK-ctl  tor  a  few  tl'iurv,  LIk  hi]|;)l  moleculHr  ¥«• 

n-  >ulm»rty  hoi  hixly  (jnidilT'  cnrn'ing  otT  tlie  pnrticlm  intu  spnee  be- 

yiitul  tbr  intlurtKe  iif  the  niau'»  i;riivtiy     If  lAllicr  inntv  tliQi)  a  "grn2itig"col- 

locforv,  ''  .TV  will  br  tl>c  «nroc,  1)ut  ihv  mtitnni  uttrnction 

|lcy,  iinJ  1  •'(  gn*,  or  plnuctarj  nchiiln.  will  lie  formed.— 

Joarmm.! af  tbt  UrtunJi  Aitruaomitat  AsBOciativUt  Vol.  Ill,  Su.  \l. 

Rew  Vxrlable  Siar>.— ArcunlinK  tn  WoUinftUum  Citvitlur  Nu.  S7.  uu  niutiiy- 

tnuM  red  »({ir,  otiwrvrH  41I  R.  A.   tU^  7"'  Iti*.  +  au'.<Ut.  (IHfia),  U  variable.     lU 

laacnitutk  waaS.')  on  Aug.  21,  mid  tind  liiminUh*-*]  tn  11  on  Knv.  14.    Photo- 

tht-K-incli  L'omptMn  irlcscopcconfinn  th«  viin»l>itiu  uf  Ks|iin 

6-,  hec.  -^36''.y3.l 

1».  A[t<icrsii<i  niinoitiHTstltnt.  V>.  M.   1   26'.+3  15  vnriiiMc.    The  rnnge  'if  vnri- 

•b<itil>  •rnus  (••  in  snvtll.  tlw  e^tinutlrs  nf  bri^ticiicM  ol  iliffrrenL  limes  ^rLIl^ing 

frutn   ma^    0,0  in  'J.2  in  lite  l>.  M.  (ISSf.)  I.)  K,7  in  1K7.S;   |yu(   nnothcr  ohacr- 

v)ilM>aalBuiiainlS:ir>iujikcia.8.n.     TW  jih-cc  fi>r  I81U  a  K.  A.  d"  Ifi"  51"^ 

Uw.  +  as'avaT". 

Hew  NomefKldtim  for  the  Hj-arogen  5ertcs.~Ililhcrto  th«  Hoc*  of  hydroffm 

.'■r')i  well  hnonii  wrio  hjtvc  been  rHcrrttl  Irt  under  vftrtous  ntunefc 

I  .1  I.v  Prnuiihoicr  C  oort  /■'  are  mwU-  jjiifeii  i>iIht  title>.  Init  tlie  line 

■  culled  //.»••     The  rvtitnininK  liiif  tn  the  visilile«|>ectrMni  iKuminl- 

if  ih.Tt  near  //tcalcinni)  Itnb  been  dcsigiintcd  Hf.    Tt»c  Oreck 

r»BLaKTipt  n  wfts  npplird  iD(tny  veare  ftgti  lo  the  ulira-vtolet  member  of  tlic  scriee 

iKbtire  U  and  K,  nud  tiie  remutmux  l*"*^  >"  t^  "stellar  aenes"  wrie  denoted 

L-riptB  fnrmol  from  the  siKvewivc  tetter*  of  the  Greek  alphabet.    The  dapli- 

(ifnamcA  luis  nntanillr  i^ivcn  ri»c  to  some  confnsiou,  and  it  tv  ».ttisf»etii(y 

to  Xnun  tbdl  |ir&.  Ilii}^ins  ami  VngrI  intend  in  the  future  Lu  (.'aII  the  hydrogen 

I  Ml    witti  C,  Ha.  thiit  »i  F.  H.i,  anf\  *n  on  tbrotiyh  ihe  entire  Mries. 

.<«  M-ilh  iIh-  nicnnin^'leAs  tlistinetion  U-twcen  ibe  >H<iib)c  and  ulim- 

liiim.     WriniHl  lltnl  nil  aiitrt>plt;mL'{»t»  will  unite  in  the  adoption  of  titia 

I'Kitd  mnvenient  svslein  O.  G.  It. 


lew  SclenliBc  Terms  Wanted.— Pi-'icsmx  Nvwcomb.  writing  to  JValui*,[it>»iit* 
out  llw  <t<T"iri»bibry  of  hiiviMj;  j-ome  sliurt  niid  convenient  wonl  lo  cxprrae  tlic  en- 
..fa  lindv  without  nrfenrnce  tn  tlic  manner  in  whieh  the  cxi»tcm-c  of 
■4  made  evident,  A»  the  now  nmeeruilly  »cce|ited  vitW,  thnt  the 
f  Uilrrrv-nve  iil  kind  in  ihc  niys  uf  llie  fiieelrnm  aif  thoiw  of  wnvclenKtli,  li  Af 
mxnt  origin,  n  fitting  word  baa  nut  yel  Ijecn  invented-  "  kadiiini  eiurgy." 
the  tJiMtt  acwmie  of  the  expreis»liinK  in  tiae.  ir  subject  la  tbc  otfjeclion  ol  being  a 
description  rather  tlinn  a  name.  The  word  "Iijeht"i8  property  applied  only  to 
ctbn  w«ve«  wboae  lenKlbii  fnll  Iwtwern  certain  Uiuilfl,  ond  there  is  nn  eorrrspond- 
(NC  word  for  iiibn  wavt».  licint  its  use  idtho"Hh  eonvenienl.  is  unscientific. 

l'Tpfci*MiT  Xewcoinb  wtggeHf  ihc  term  "  rudianoc"  »W  one  well  litlcil  In  supply 


the  warn  in  qtKstioi),  aad  lUiaks  ihoL  "Th«  vagu*  aod  t»oelic  idco  billicno  nft»oci- 
ated  with  it  is  un  Jidviinliij^.  beciiusr  it  mnblcs  ns  to  uilapt  ii  to  the  cose  in  hand, 
with  {•renter  rrAflinsss  than  wc  could  adapt  a  wnrd  whtcb already  bad  some  wcIL 
defiiKd  mtaniii);." 

To  "radiate"  would  (iivn  menn  to  emit  radian(.->;,  "mdiomelry"  would  mean 
thr  rowsun  of  rndiancT,  etc-  TertnacorrespondiRg  to  transparcucy  and  diatbei'- 
maocy  would  Ih-  tran&radiatit  or  transrnOiotui. 

The  saggestion  of  I'rofcssur  Nrwcomli  eccms  to  \x  an  excellent  oike.  We  have 
aJready  niniiy  wnrdn,  such  as  "cner^v"  with  a  Htrittly  drfiiiite  meaning  io  sctcnce- 
and  a  niQcli  vridcr  one  in  ordiitnr>-  uie.  The  admiiiaion  of  radiance  to  tliia  cUu* 
would  Ik*  :i  jjrcitt  coiivenieiiix  tu  nritcrK. 

M.  tteslniidrefi,  in  on  article  on  the  Aolar  faculic  in  Kaowhtttfr,  prn{>OGCB  the 
use  of  the  term  "Uainmea  rocutuircs"  Tor  the  inns»e8  orctdciuin  vapor  which  are 
found  over  faculir  and  prqiluce  the  iJuuhk  reveranl  of  the  K  line.  Mr.  Rnnjrard  oli- 
jecta  to  the  word  "llnme"a8fleemin^  to  imply  elx-mifnl  action  nnd  Llienrfore  tend- 
ing to  be^  the  important  question  wliether  chrtnical  thaoRes  prtMlucing  light  and 
beat  are  going  on  upon  tire  Sun. 


Refractive  Index  of  Liquid  Air.— TItc  rK-ent  work  of  Professors  LiveinK  and 
l>cwar,  on  the  tcfructivc  indices  of  nilrugeo  and  uir.tB  both  novel  and  intervsUog. 
The  (dtill  wUieh  ihote  gentlemen  liave  .ihown  in  hnndlintr  sulKttanccii  near  the  aU- 
solote  fero  ia  well  known.    Tbry  find  for  Ittpild  air  the  refractive  index 

M=  1.2062: 

for  liquid  nitrogen  ot  —160'  C,  they  get 

*i  =  1-2053. 

The  method  employed  was  that  of  totAl  reflection  a»  devised  by  Tcrqticni, 

TIm-^k  results  furnish  an  interesting  verilieiition  of  the  tuw  of  Gladxtone  unit 

Imlr  that 

»  —  \ 

— J*  =  constant. 

where  rf  is  the  density  of  the  substance.  Mascart's  value  of  this  "rcfraetian 
constant"  derived  from  mctt«urr«  on  nitroj^n  at  atoMsphtric  prtssiare  ia  0.23T 
while  for  litfuid  nitru^cu  Livciit}^  and  Dewar  find 

•     ^-^  =  fl.235. 
If 

This  conittnnt,  il  will  lie  temrmljercd.  has  a  remarkalily  simple  iulciiirelation.     It 

represents  probniily  an  optirat  constant  of  the  gu&cons  molecule,  and  a  function 

of  lite  refructi^'e  index  of  the  molecule. 

The  valurs  ot  ft  jfiven  above  ate  each  for  the  D  line.    The  next  problem  whieh 

these  distingiivthed  ivorkcr^  have  awiunetl  tbemwIveH  is  to  delermine  "the  dii>|»er- 

sivc  powers  of   liquid  oxygen,  nitr<:>gen,  and  nir  at   a  temperature  ns  low  ok 

—  2tKi=C.'— PW/-  Mag.  Oct.  1993. 


Spectrotaeliosiaph  for  Uie  YerkH  TeleKOp*.- As  the  4()-inch  Yerkes  telescope  is 
to  he  iise«i  during  llic  greater  part  of  the  time  for  astro-physical  investigations, 
Utrve  s])ectro!Koptc  attachments  are  to  Ik>  provided  for  it.  Uf  tbenc  ibr  star 
Bpcrtro»rt>|N.-  \k\k  been  complelcil  by  Mr.  Rrasltcar,  and  the  conatruclion  of 
the  w>lnr  speet ro!^co[)e  nnd  spctrtroheliogniph  will  ihortlj  t>e  undertnlcen.  The 
solar  spa-irowojn-  will  dilTcr  from  exiiiting  inst rumen tti  ol  the  same  dnss  matnly 
in  its  increased  site  and  in  certain  novelties  of  cunstmctton.    In  t)K  natare  uf  ibc 
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br  gcntral  tJfsign  of  soch  n  spectroscope  must  follow  ccrtnin  well-known 
im,  wliicb  do  cot  admit  of  wide  dcviaLion  from  existing  tjrpcs.  But  tlic 
4c»iKiUT  of  a  xpcclrabcliof^rtiiili  hiu  morr  frtrcdom  of  tlioicc.  The  instnimcnt  i« 
Mt3ceptit}Ic  of  decided  variation  in  fbrm,  as  I  have  already  had  ODrnsion  to  point 
oou  Tlic  rarioiCT  lji)«  of  lh«  in^Lruiuctit  described  in  oi.v  paper  entitled  *'  The 
S  n^rapb"  (^cc  AsTBo.vouv  AND  AsTSo-l'uri^CK,  March,  lRi>i,  p.  24-1]' 

1.  kXTtftiii  ndruntAges  and  disadranta^s.  and   these  must  he  cnrehillr 

wci^lfci]  A^ainitt  one  another  in  dcii^iing  ■  laf;g«  and  ItnpurtAnt  instrumcBt  for 

The  lO-inch  Ycrkcn  telescope  has  a  focnl  Irnjrth  'if  about  64  fcvt,  iind  will  cun- 
M<iuently  give  a  solar  image  nrnrly  6.5  inches  in  diameter.  A  innroentB  considct^ 
Blion  or  the  facts  presented  in  the  pnper  just  referred  to  will  mnke  clear  the 
ttnpmcticnhility  orron»trucliii>;  a  fixed  upcctroltclio^rttph  with  moving;  slits  lar^^ 
mon^h  to  aDow  c)»c  wliok-  tmn)^  to  l)c  pbutugnipbed  on  n  jingle  pinte  without 
Ion  of  light  iMMir  the  limb.  SufBev  it  to  »ay  tImC  tlic  tclesco)>es  of  such  ii  speitro- 
bcbograph  would  burc  an  aperture  of  about  0  iilche«.  In  ypitc  of  tlie  greut 
weight  of  jfiich  an  instnimcnt  thii*  large  apcrtnrc  would  not  of  itself  be  an  insui>- 
ftsble  objecLioti,  Were  it  not  fo(  tlic  fact  tliat  tlie  ruled  surfnce  itf  the  grntln]{  (or 
the  cd^  of  lHi«e  of  the  iiriMos.in  cauic  they  were  chosen)  would  Ikt  between  I'i  and 
18  inches  long.  Unfortunately  wc  hare  yet  to  soc  grating*  or  prisms  (of  larip: 
nnjilr)  of  llicse  dimeit»ionK. 

ScTerthek«8.  it  was  deemed  of  the  ntmost  tmportBDcv  that  the  entire  extent 
of  the  sun-flpot  lones  be  secured  nu  a  sin;;le  plate.  Thnt  is,  it  is  desirable  to  pho- 
logroph  un  n|untorinl  tone  nbout  4  inches  in  widtli.  Manifestly  thi'*  could  nnt  Ik 
douc  with  a  Gxcd  •pL-ctrolN;liu|>i'nph  (like  that  kucccMfnlly  used  with  a  2-iuch  sotnr 
itDtt)je  ut  Die  Kenwood  OlMcrvaturv)  pruvidcd  with  slits  nioviuK  in  the  focHi 
pUncft  of  the  tdefwopca.  Ilcncc  the  form  of  sjiectrobclioiiTapb  d<-<k-ribvd  in  the 
biMt  ptirAgrAph  on  i>A){C  2r>i>  of  the  ttrticle  already  referred  to  bos  been  adopted, 
solvtitntiag.  l»owcrcr.  one,  tw^j,  ur  ihrec  rimple  prisms,  with  or  wilbonl  a  plane 
■urror.foT  tbcgfating  nod  plnne  mirror  tlicre  described.  The  arrangement  ol'  the 
primii  luid  mirror  t»  *wb  as  tu  give  a  deviation  of  18')"  for  the  K  line.  The  col- 
Gmatur  nnd  tckscooc  of  the  speelrohclit>gru|ib  nrc  placed  with  thcit  axe*  parallel, 
and  11  ~  '  -l>t  in  Axnl  in  the  focal  plane  of  thecollimntor objective.    A  similar 

flit  i:!  ini)i-  ii(  ibe  tele»cu)Kis  nl  the  siiine  curvainrc  av  the  tv  lltK.  upon 

'  M-t  by  a  mercw  movinK  the  «lit-(>lalc  in  the  plaiK  ol  dispcr- 
I  and  tek'«<'l>c  are  of  e<liml  aiicrlnrc  aud  fcx-al  length.  The 
rnii:!.-  cn^trumcnl  is  moved  nt  right  angles  to  tl»e  optical  nxi>  of  the  40-inch  lele- 

--   an  wlitvls  with  halM>caritig«.  running  on  knife.eilKt.'s.    The  frame  which 

'  •■  tbe  knife-edge*  is  attached  to  the  njuaturial  by  means  of  tour  steel  tultca  4- 

iiKiin  in  diameter.     I'rorision  i»  made  for  rotating  the  frame  in  [KMition-nngle.  »o 

that  tbe  motion  of  the  li|>eelT>>l>cIiograpli  can  lie  made  |(arjiltcl  to  l1»c  solar  apia- 

r  I'hic   plate-holder  ik  fixed  to  the  Iramc.  and  tbe  Mcvond  ulit 

ill  liwe  of  thr  stationary  plate. 

T'  <ii|i<itidiit  advantages  uf  Fhis  form  of  spcetrohclio^ritph  i«  tbr  hiruc 

6rM  J  I  ,'^icil.     TIk  knglh  uf  the  llcid  '»  evidently  delcrrnined  by  the  length 

■4  tbe  li)TifL'-<ilge4  on  whk'h  the  iustniment  nmn.  Tbit>  niay  i-onvenieutly  be  ii'> 
HOL }'  m%  ten  iiiclie*,  or  even  more.  The  widlb  of  the  field  is  determined  by  tbi- 
'  f»f  tlN*  ■titiii.  the  bfigbl  of  tlie  prisms,  nod  the  aperture  of  the  eollimatur 
ami  tetcucofK.     I'oT  wIth  thc  4|it  lised  in  the  axis  uf  llic  collimntor  itie  irMfiA  uf 

"  Tl»e  pttsence  of  thc  letter  P  in  the  second  equation  on  p.  -oM  i«  dne  t*i  a 
pr«alrT'B  emir. 


■  tbc  illntninntcd  portiun  of  tfac  calliinnt»r  olijcctirt  nmtnio*— wil li  n  givni  focjU 
IcilKlh— coiihlnnl,  It  is  olways  mntenti-ic  with  ilic  altjnrtlvc.  Tlir  bnse  of  the 
-priittn  is  tittts  cuniimnitivcly  BirmU.  Fur  instMm-c,  i(  iIk  rniio  of  ■|icrturc  to  foca) 
length  in  tltc  c<-\antoria.\  i«  I-IH,  nml  tbc  cotUmaior  is  3ti  tnchc«  long,  the  kngth  of 
onr  hiilc  of  n  fio^  i>risin  would  U-  alujtit  fViiii  iiu-hrs.  Priani^  of  this  jiiw  may 
nsadily  Itc  iililiitii<.-(l.  mid  na  an  iiiui(.'H<M:  lu  iIk  wiillh  »r  field  mcfiiiH  -liitipty  an  ta- 
omiMr  in  llic  height  of  tbc  |>r>)mi,  and  not  in  tlx-  mxc  of  trnx:,  a  verv  Inr^'c  fidd 
«»n  lhii9  In-  nliotojjruplKd,  In  «Kder  lu  |>holP}:T;»|ih  in  »  sinjilc  cxjMmurt,  tV  9-9 
inch  iiiiiiii^t  ;{ivfn  hy  ttit;  Vcrkvs  tclrscupc  a  cullitiintor  iiitd  t«lr^opc  ul  S.i)  inrbes 
uprrlitrv  nml  ^6  inrltcx  lucnt  length,  with  fiO^  prisinfi  4  inclies  nn  nn  edge  nnd  A 
Ittrhea  hi;Eh.  would  Hutiire.  An  .luch  an  n|itical  comtiinatinn  would,  tu  riijt  the 
leHut,  Itc  extrt^inely  dilKvult  In  rcnlize.  it  is  |n'oba1)k  that  wc  miMt  hr  content  with 
j)liOlO];m|>hs  «)iriwin)t  n  xonc  not  wiik-r  ibun  U>m  iiiclKx.  ti.  K.  H. 

Mt.  Campbell  on  the  Accuracy  of  Hia  Heaauns  io  the  Spcctium  of  Nova  Anrigs. 
—An  I'rolrssitr  Vdjjcl,  in  hi«  Mcinuii  on  Noyji  Xiitihx;  exprcimcs  il>>nbt  whpihn 
tlic  chutigv*  ill  the  WAve-1en)jihti  ol  the  i>nf;l>t-  lioeH,  ns  nUfervti}  at  the  Lick  Oh- 
-cvrvaKiry,  tliould  be  n.>);unlcO  u»  csinhlitlicil  Mr.  Cani^lKll,  hiis  puKli&hnl  u  nute  ' 
in  A-  K.  .^I'JJ,  civing  in  full  therrsullstif  :i  wnics  o(  mensurtBol  the  thrn-  tH'1>uliir 
linrs.  for  the  puniow  of  llln^trAtinc  their  nc^urncy.  The  tiihic  of  mriinures  which 
be  ffivcii  shown  tluil  (he  prolmlitc  ci-»or  of  ohi^rvatioii  wns  rnn.irknhly  iiniiill. 
Tltf  ccimpnTi«on»«ir  llie  three  l)n>jhtrM  line-  of  the  star  with  mctnllic  line*  safe 
re»p«rtively  velncitivs  oT  —  M,  —  51,  nnd  —  Gl  fdiW,  rdctrcd  to  ihc  Sun. 

As  for  the  iKinnljility  vf  i.'Oti|itnnt  rrron,  (rx|>rrtmmls  showt-d  thnt  IIk  oli- 

red  I'baDKe  in  ihc  jMisition  of  tlic  lines  was  mueh  Rrcatcr  thnn  nny  error  that 
luld  \)t  made  in  c^nmattiig  the  middle  ol  the  hrond  line.  The  wavc-lrn^th  of 
the  ciitcr  hnt  in  the  s|>et:truiu  of  the  Urion  n«-hulii.  measured  in  the  same  way.  tind 
no  lite  siinic  niifht,  whs  fi(J<l7..'lll,  dilTcrin);  from  Kecler'x  mean  renull  Uy  only  0.(15 
tenlli'incitrs- 

Mr.  Canj(il>cl1  *ny8  of  the  texult^  in  hie  table:  "  It  will  Iw  ««-cn  ihot  the  tliree 
litKS  oliecrved  in  the  Nova  :irc  almost  cijually  dts|)1acc'l  from  the  normal  posi- 
ttnuH  of  iHe  three  llnvji  in  iIk-  nchuhv.  In  fact  the  result*  agree  a  little  more  per- 
fecilv  tliAn  I  expected  llwy  would,  but  I  would  undci-take  at  ftuy  time  to  rcpeot 
IhcMe  obaCTvationH,  with  jMrrlvet  coutidcntv  that  llie  di»|)Iiiixntcnts  td  the  tiro 
prindpnl  lines  would  differ  from  each  otlier  coniiidcriiltly  IrHs  than  one  tenth- 
melie."  ThccOmiiansrtii^  niteady  referred  lo,  of  tfieehnn^ci'  in  the  wnvc-lmt;th 
t>r  the  line  with  the  nniount  of  error  in  estimating  the  {M>«itioa  of  its  center,  leave 
no  bnsiit  for  the  KuspiHon  that  tlie  ohflcr^vil  clinn];ea  of  wave  lenglli  might  be  due 
to  variations  in  the  distribution  of  the  lij^ht  within  tiK  brond  line, 

ProfecsoT  Voscl  on  the  Msw  Star  in  Atiriga.— In  our  translation  of  Pro(e»sor 
Vogcl's  monograph,  concluded  in  the  )>reiH.-nt  number,  a  eonxidemhtc  pnrt  of 
Srrtion  H  is  omitted,  for  tbc  rcasnn  that  it  consists  mainly  of  an  ahstract  of  ob- 
servAtiiiRS  which  we  have  nlrendy  printed  in  full.  Hut  CrofirMOr  Vogcl  o\:i.-(ision. 
ally  coiniixmts  on  the  oliservations  and  makes  his  own  dedaetiona  (rum  them, 
and  iK'ite,  roining  from  no  dtalin^uinlicd  mu  nnthimty,  cannot  (nil  to  be  intrmt- 
ini;,  patttcidnrly  as  tficy  are  Hmtetimes  at  variance  with  the  deductions  of  the 
«ib»ieTv;rt  tiK-msclvcs. 

With  refiard  to  tbc  obser%*alions  of  Dr.  and  Mrs.  Hugf^na,  Professor  Vo|^l 
attaelies  tonitidemhle  imftortance  to  the  uotc  that  tlie  diAplncemetU  ol  tlte  [>  line 
towarti  the  ii-d  was  not  so  great  as  that  of  the  ■■  line,  although  ll>c  obncri-ers  re- 
gnrdtt  im  having  bnt  lUlle  wdglit  on  account  ufthc  difficulty  of  tbc  compari- 
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sons.  Still  more  iiiii»ortaiit  is  considered  to  be  Dr.  Htijj^jiiis'  oljservalion  of  the 
tfompojiitf  structure-  of  the  siipiMised  nclmliir  lines  itftcr  the  rcnppcaraticc  of  the 
stJir,  anil  the  contrast  whirh  these  groups  of  lines  presented  both  with  fliitings 
(ni:i{;Mesitim)  and  with  the  line  sharp  lines  in  the  sjwctrnm  of  the  Orion  nebula. 

The  <il>«ervalions  of  I'iekcriut;,  Cojwland  and  Becker,  and  Maunder  do  not 
iiifd  to  I*  S]H.vi}illy  considered  here,  as  they  arc  not  in  disayreenicnt  with  those 
matlc  at  ['ntsdam.  The  explanation  <ii  the  Nova  i)ri>p(iscd  by  Loekyer  is  referred 
tt)  in  the  translation. 

In  reviewinj;  the  nliservntions  ol'  HclojH)lsky.  Professor  VorcI  says,  with  refer- 
coci'  to  the  line  lines  lonnd  by  that  observer  in  the  (first)  siK-clruni  of  the  Nova, 
and  the  assertion  that  no  iron  lines  were  pre-scnt,  "  I  ninst  remark  that  the  a.sser- 
tion  that  there  were  no  iroft  lines  in  tlie  sinx'trum  of  the  Nova  is  in  direct  contra- 
diction to  the  results  which  have  been  obtained  by  other  observers  and  also  by 
myself;  1  ean  also  not  admit  that  all  other  lines  except  those  of  hydroffcn  can  be 
charactcriiieil  as  faint  and  fine.  On  the  contrary  I  wish  to  assert  that  very  many 
lines  were  quite  similar  in  ap])earance  to  the  hydrogen  lines,  and  the  observations 
of  Iln^t^ins  and  Campbell  are  in  accordance  with  this  view." 

The  ^re-at  amount  of  detail  on  the  photoj^raphs  taken  at  I'ulkowa  is  re-pardcd 
with  snspidon  by  Professor  Voj-el,  whi)  says  in  this  connection: 

■■  I  am  constrained  tf>  remark,  with  reference  to  these  observations,  that  the 
extraordinary  wealth  of  detail  on  the  siHrcirojiraii's  may  have  some  relation  to 
the  extraordinarily  long  exposure  of  five  hours  which  wns  ^jiven  them,  and  which 
may  have  fjrven  rise  to  snr^U  displacements  of  the  spectrum  on  the  plate.  Ac- 
eordinj;  to  my  ex|»erience.  displacements  of  this  kind  are  i)erccptible  even  in  ex- 
|iosures  of  one  hour,  and  at  tcni|X'rntures  under  0°  C,  their  cflTccts  being  to 
broaden  the  lines,  or  even  easily  to  give  rise  to  the  impression  of  their  being 
double." 

lU'Iii|pril>iky's  views  'in  the  chaiacter  of  the  hyrlrogcn  lines  are  criticised  as 
I..ll.iw>: 

"  I'lilr.pi.lsky  is  ol'  the  (•piniiin  that  it  is  ]>ossil)lc  to  s|ieak  of  <lisplaieniciit  in 
ibc  i;i>ic  'if  the  liiuk  line  111'  only,  as  it  alone  h;is  sharp  edges  aiul  a  symmetrical 
Ii>rin.  Tile  lin;;lil  11,1'  line  is  uusyninietrieal.  which  is  no  douht  to  be  ascrilxrd 
I' I  liii-  a ilji lining  dark  line.  '  The  latter  ( the  dark  line)  piobably  covers  ( verdeekt) 
I  lie  Mci'nd  edge  of  tile  liriglit  line,  and  therefore  we  eanuul  decide  whether  the 
bright  line  is  displaced  or  not.  or  determine  tile  anionnl  of  the  displacement,  i1 
there  is  an\ ,'  To  this  I  must  remark,  that  the  view  that  in  suiierjui.-ied  sjK:ctra 
<iark  line--  in  one  s|)c>'truni  ean  (teeidt  (iilierdeekcn)  bright  lines  in  the 
"ilher  cannot  be  eoriirt.  fur  the  dark  lines  are  nothing  positive,  but  (nily 
places  i)f  less  luminosity  in  an  iitherwise  cinitinncms  sjK'ctruni.  and  therefore 
cannin,  m-euli  and  cxtiiijiuish  the  bright  lines  of  another  sjieetrum  as  dark, 
"■;i;ii|Ue  liodics  would,  .\sidc  from  these  consideratimis,  the  assumplimi  that 
liie  liright  hydrogen  lines  arc  iinsvnmictricat  on  account  uf  the  proximity  of 
the  dark  lines  is  not  valid,  for  a  great  number  of  Inoad  bright  lines  in  the  s]H.-e- 
fum  of  the  N<)va.  which  had  no  dark  companions,  were  likcwi-ie  sharply 
l-inniled  on  one  side  and  diffuse  t<iwar<l  the  less  refrangible  end  of  the  spectrum." 

Having  given  Professor  Vi)girs  criticism,  it  is  only  fair  that  we  should 
devote  the  necessary  space  to  Herr  I{elo]iiilsky's  reply.  In  A.  A'.  :US+.  ;it  the  end 
'H  ail  article  on  the  motion  of  ^  tierciilis  in  the  line  of  sight,  Herr  Iklo]nilsky 
-ays : 

"The  folhiwing  eirenmstaiices  vinich  for  the  reality  of  I  he  details  on  the 
Citlkowa  |>latcs.     Sine-e,  at  the  ajipearance  of  the   .Nova,  the  spectrograph    was 
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HltA^licil  to  the  IS'inch  refructor  in  a  liaxty  anil  proriitional  maiiiMr.  nil  the  or- 
rnn^cincnts  for  )ux\img  like  5tur  id  the  same  pari  of  tlK  slit  were  ilcleclivc;  tJu 
tlnving -clock  nia  bndljr  oti  acconat  of  the  terert  cokl  and  im|>er(ect  baluncing 
uixl  the  hiiiidtck  of  the  slow-iiiotiun  scrvwa  in  R.  A.  and  Ueol.  were  too  short." 

**  For  thin  rcjiimn  thtir  tiuitc  iHoliited  cixctra  are  found  cIom  tiJgcther  on  tbr 
plate  111"  March  2,  esu-h  ol  whuh,  thercr'ore,  rCT-eived  an  exixisure  of  I  liour 
AO  minutn*  The  dcUiilK  in  all  thew  Kpeetrn  nre  the  Minie;  hciK-e  l)xy  an  either 
mil,  or  the  errors  of  the  instrument  hnve  affected  cnch  of  the  spectra  in  precioelf 
the  same  way.'" 

"Morcver.  tlw  chanielcrisltc  details  of  the  Pulkowa  spectrogram*  (rc»ulu- 
lioo  uf  the  hiindft  ttitu  hneii)  are  to  be  Tuund  nti  the  cxcdicill  iihoto^mpbit  tAkcn 
at  Harvard  College  ObsctvHtory."  ... 

"Pinnlly.  it  it  di<1ivult  to  nxsume  an  error- prodncln({  influence  that  conld 
lenvetlic  tines  sharp  in  the  Bpcctnim  of  Vrnits,  which  wns  |ihoti»grH|>ed  on  ihr 
•dine  wight,  1ikcwi»e  at  a  teimxTjiturc  of  from  —  3°  to  —  15°,  while  it  product 
wide  nnd  iloiil>U.-d  Itiien  only  in  the  spectrum  of  the  Nova." 

With  retciud  to  the  protmvc  oi*  iraa  Knca  in  th«  ii)Kclruni,  Iterr  Bclopolikji 
Miye;— 

"  1  muRl  remark,  on  my  niHv.  that  all  mr  aMertiomt  relate  onty  ti>  the  smuO 
part  of  the  sjKClnira  included  l>ctwccu  wa ^-e-leii^ I hs  408  and  420,  and  I  caa  only 
repeat  here,  that  in  thin  rcj^ion  none  of  lite  iron  Lnea  were  to  he  fonml  that  had 
hem  pltotofiraplwd  in  tlw  iron  niMrctrum  witli  the  same  instrument." 

The  rest  u(  titc  iirtick  is  tu-  fulluwa:— 

"TIk  remark  ol  Pr«)fcpsot  Vojiet's,  that  the  dark  line  cannot  cover  the  edf^  o[ 
the  bright  Uy  line,  might  In'  construed  .tJt  a  reproach  for  my  ignorance  of  Kirc^ 
hofTn  law.  if  it  were  not  ihnt  ihc  mistake  aroM  through  n  distinction,  nnknowA 
on  itiy  part,  (na  I  jnii  nol  a  pcjfcct  mniitcr  of  tlw  Gcrrann  langui)){i:) ,  Iielwccn  the 
wordd' vcrdrcken' and '(ibcrtaBern.*"*     .     .     . 

" >\eeoi-dinji  to  what  I'rotViwor  Vo^el  says,  all  bright  lines  ahould  lie  difTuw  oa 
One  tide  and  8hiir|)ly  boandcil  uti  the  other,  whether  they  nre  nccom|ianietI  ti^^ 
dark  lines  ur  not.  Tbiii,  however.  i9  not  iiccn  on  the  phoLogrnphs  of  Harvar-d  Cnl- 
Ic}^,  wliere  only  thoiie  brii;ht  Ii»c4  wliich  hn\-e  Hark  compnnioiis  are  shorply 
bounded  on  the  »idc  toward  the  violet," 

"  rinnll;i',  I  rnnul  remark  lierc,  that  t!ic  ^9eou8  envelope  (»f  the  Nova  at  (|* 
frappcnmiK'v  could  be  seen  fur  better  wttli  tlie  IS-inch  than  with  tht;  30-inch  re- 
frnclor." 

ThelKiittttful  photographs  of  Father  Sidgrcaves  are  next  oousidcred  by  Pro- 
lessor  Vogel.  In  gtneral,  they  aa.-nrd  with  the  rcsulls  obtained  at  Potsdam. 
More  than  half  of  the  41  hi-ight  linr»  yliowii  on  there  plates  coincide  with  bright 
and  fiei|ucntly  "ccurring  1inn>  of  the  Milar  I'lirumoiiplrerc. 

The  f'lllowinc  remarks  are  ninih:  on  von  Ooihai-d's  photographic  comparison 
of  the  )>])eetni  of  the  Nova  and  varifiuii  planetary  nebultr.  (Astrokdmv  and  A»i 
TKit-I'iiimcsi.  Jnnnory.  1893,  and  other  Joumubl:— 

"To  conclude,  fnini  the  apparent  agreement  nfthcapcctruni  of  the  Nora  with 
tluil  of  planrtarv  ueluita;.  Diiil  t})c  Spectra  nrv  identical,  and  farther,  that  on  eth. 
jrct  which  ih  clearly  ear>u}i!)  whown  bv  ilH  spectrum  to  be  n  ccl»linl  bodv  of  fitrl- 

cliaractcr  whose  suilucv  has  been  strongly  bctvted  nnd  tlwn  gnidnally  cooled. 


*  This  dr>rs  not  srcm  to  follow,  lint  the  matter  is  unimportant.— Tr. 

f  Here  *onic  sentences  are  dcvolcd  to  a  ciiHiorisiin  ui  passaiijcii  bv  Prxfeasor 
V'o|tel  nnd  llerr  Uelop^lsky  in  which  these  words  are  ii»c«l.— wunU  which  in  the 
(raiif^lntion  have  Iwcn  renilcrcil  by  "cover*'  nnd  "overlap." 
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Has  cluin;;cil  orcri^iglit,  so  to  Sffculi,  into  n  i^nstrnufi  ticlMilti.  I  confidrr  to  l>r  nl 
lc««i  v^r>'  rAtli.  However  well  c\->nvinccd  I  mar  iw  of  the  value  nf  Van  Cothard's 
tiholo)(ru|)hs,  eipreta11>-  ns  the;  rnrm  so  Iteautifut  a  supplement  to  the  ol)«crva- 
||iu(ra  mudc  at  the  Licit  n)i».'rvatury,  I  cnnnot  ii>;tc  with  HeiT  von  Gutbord's 
EW«,  wbrn  he  chnmcterltnt  hU  reitulls  u»  a  mnmi  intervminu  nnd  itnpctrlimi  ())»• 
iTcry,  Ami  the  chaniie  which  the  speetmm  of  the  star  underwent  dnrid).'  the 
iKier  nii>f thK  n<  niiiiiiv  in  llic  lii^tury  of  nsironiiniy.  In  totitrndinimi  of  the 
ivt  ««*"■  '. ,  1  miisi  nvnll  Ihe  fael  thnt  iW  s(icfLriim  ttf  Sorn  Cvr- 

M  nintr>w  iliirfluiMfie,     Aifnnlitig  to  thi-  (iliwn'ttlinnj  nf  tUnt  lime. 

rbm  the  iMin-trlul  nvMitimix-  nfTofdeH  tn  iiiiot'>s"'|'hv  wii»  Inirlttni^.  onl*  n  sinfjle 
rctnaineti.  which  cuincitletl  with  the  l^)thtr*l  line  uf  the  nctlttlnr  «]icctrinn, 
A  5Qn.7^^  wtthin  the  limits  nrnceurocy  nf  the  nbfaerralion*.  AlnaHy  at  that 
time  lite  riew  bnd  t»««ii  advanced  thai  ibc  Nova  had  dunged  intu  n  nebula,  and 
h.1'}  brm  ti^f-ctcd  t^-  ine." 

Tbe  nuRMt'OHx  nnil  citnipleti;  observnlion*  of  Cnmptirll.  nt  tlie  1Ac\  OI'--' 
tfiTT.   nrr   reviewed    iit    kiiuth.  the  oiithor  dt>^<teatii)};  howvtpr  from  Cni!.;' 

iirtl    the  FiH.flf uti)    of  tht  N'<ivn  nfter  its  rrn  ■.   wii*  nelmlrti   in 

it  Mr.  Cnniplifir^  (tttrii*- 1>(  hit  iHiwtion  bfi*  ■  ■en  gi^vn  in  this 

«nrtinl    (<Kt  .  I,W;^t   niid  bcticc  no  further  cornnicnl  »e«n»  ncr«t*nr>-  herr  than 
i|w  tbr  Trmnrli  thtit  it  w  diffiL-utl  to  «re  how  h  atitmffcf  va»c  could  he  niiidc. 
lodoahlcdlj-  the  Novti.  if  it  bnd  tmrn  olwrrved  at  the  time  of  its  rrnitfx-nrvncc 
It  any  knowledge  of  lt«  in-cTtotre  history,  would  ha%T  been  cln«9ed  an  a 
lary  orbulii,     It  i«  not  neceiimry   to  eiinclDitr  fruin  lltif  that  a  crtni|>nct 
mnly  Imdy  ^iiddnity  chunked  into  a  gnscous  nehoLn.  for  mt-b  a  conclusion  is 
riv/d  ftoni  hyi>^i)M-<j-«  wliii-h  hnve  yet  tr>  NCiind  the  mt  of  cHlical  e\rtmt:iAtioo, 
Mod  (pcdiiiii^  m  "II  wilh  oltwrv.iiiniijs  )ct  to  he  iiindc. 

I'TOii-siK.r  '.  I  inri,*  of  wlmt  mitst  Isike  place  when  a  cnni|tact  hcflvenly 

ily  of  largf  mn?^  emers  n  cotmiicnl  cloud. ncconlinp  t"  tlu'liypolhesi!'  uf  SccHficr. 

irTktentl>  not  mMccordnncc  with  tnecbanical  priM-iples.    To  nsMinic,  as  he  don, 

Utnt  the  pnrtideis  of  the  eluud  nwh  npnn  the  body  from  all  side*  after  it  in  In 

midit,  1>  to  nrxlect  the  atlinction  of  the  Iiody  lirfon  it  enters  thecloixl. 

lat  the  particle*  dc*«.ril*r  brperlMjIie  orbitt  Mmuud  tlie  iKwty.  Ibeir  motion  to* 

ird  u  begins  at  an  indefinite  period  before  it  rencbcs  them,  and  wIkii  they  ore 

Bdcretl  Inroinons  they  nre  mnv\tin  in  not  ^n*"tl>'  different  directions.     It  wonid 

liuit   I'rofriMor   Sreltttcr'fl  by]i)tb<:-ii9.  modified  so    »«  to  f^vx  Ihti  efjtnpsct 

iy  ibc  ufiH«p«l.  tnil  l>T  tm  mc'itiK  inipiDuJiik',  vehicUr  of  400  mtles  jwr  >ecoud, 

lonlee  to  explain  tberJ'MUitc  displacement  ol  the  dark  linr*  in  il«  Kpcv-irmi),  af- 

■nli  Lhc  most  Mttisfni'^lory  explonnUon  uf  tlie  ptivnuoieno  presented  by  ibe  Nova 

thai  bA«  jrrc  been  advanced. 

A  tian«lntirtn  of  Pro(e*!wr  Sreli(ter'.i  reply  to  tbcae  crtticiBnis  of  his  hypothesis 
will  be  given  in  oor  next  number, 


Ami  BpeU.— Dntes  of  rcmnj't%nble  tiini-epuu : 
jan.3l4t,  1892,  Visible  with  naked  rye. 

Kh..'kb.  issr.'.        

Feb.  l«nii.  1S!H'.       

{an.  21st.  I8I>3.  Vtstblc  in  opern-Bliiss. 
'•'    --'    •-■ 

I-  .       "      **  " 

;^  rti"  ^.uMc  iil.-iinU  ..rii  >.i'iih  naked  eve. 

v  «lLh,  ai^A  'JHlh. 

Inrv  '  ''"■!<  lelesi-ofK", 


Lice.  tStb  to  IDlh. 
Oct.  2-lth  and  2r>th 


•V-t- 


1-. 


I  vc.  lAv  Till  .ihil  fith  Spots  plninly  seen  witli  field  irla»a. 
..o,  Dec.  Jltli,  18y3.  MAKTts  Wincey. 


PHENOMENA  DURING  THE  YEAR   II94. 


U  .C.  WILSON. 


ThinldnK  ihat  a  gvncrnl  preview  of  iIk  nstntri'tink-nl  gilicnonicnu,  wliicli  ur-    ~1 
to  be  rxpcctCTl  rturint;  1  h»  year,  wonld  tic  of  intrtrst  tu  our  reaJeix.  wc  liare  iire- 
parrd  the  following  nouf. 

Eclipse*.— There  will  W  fuur  eclipses,  two  of  tiK  i^ut1  ami  two  01'  the  Moon, 
DOsc  oi  which  will  be  of  s)>ccliil  interest.  Ttie  Cini  will  be  s  partial  eclipse  of  the 
Moon  on  Man-h  21,  bcj^ntiin);  nt  6^.>i'"  a.  M.,  and  endinf;  at  lO**  -M*  Ji.  it  .txn- 
trnl  Btandnrd  time-  Onlv  oTie-fniirth  ot  the  Moon's  diumeter  will  be  inmicreed  in 
the  Earth's  shndow  at  the  time  of  tnat.inium  eclipse. 

The  second  will  be  itn  jmnu/iirec/tpxe  of  the  San  brginninf;  April  G  at  T*"  Ifl" 
p.  u.,  and  cnding^  at  12^  32**  a.  u.,  April  6,  central  time.  It  will  be  visililc  ns  ■ 
piirtial  eclipse  in  Aslii.  Alnslcn,  tind  the  enstern  part  of  Enro|ic.  Tlie  path  of  lh« 
unnular  eclipie  pj)»cs  fruni  the  Indioti  Oecan  iicrAss  Hindontnit,  Ctiinn,  nnd  Si> 
brriH,  into  Alnxlcn. 

The  third  will  be  n partial  ech'pse  oi  the  Moon,  l>e};infiinj;  Sept-  l^nt  7*  59"i 
p.  u.,  nnd  endinfi  Sept.  lA  nt  I't^"  a.  u.  This  will  be  visible  thn>tif;hciut  North 
and  South  America.  TIk  hc),>tnnin^  will  be  visible  in  the  wc.Mern  portions  ol 
Cnroftr  And  Africa.  Only  (1.33  of  the  diameter  of  the  Moon  will  be  covetvd  by 
the  shadow  at  the  middle  n\  the  eelipM. 

The  fourth  will  be  a  total  ec/rpse  of  the  Sun,  beginning  Sept.  38  nt  B"  1*  r*  M.  | 
and  endinje  Sept.  IfD  at  2*  17**  a.  u.  central  tinie-  It  will  lie  visible  mostly  in  in- 
uccewiblc  rcjtiont.  The  yath  of  totality  paews  from  Central  Africa  across  the 
Indian  Oocun  to  the  sunth  of  Auntrulia.  Ak  a  partial  cclipne  it  will  Ite  viidbte  in 
the  cJistem  pnrt  nf  Africa,  I'crsin,  MiDdostnn,  the  Indinn  Ocean,  the  soitthem 
pan  of  Australia  and  one  of  the  ixlnnda  of  Kcw  Zealand. 

Transit  of  Mercury.— The  i»1anci  Men-wry  will  pass  directly  tietweca 
the  lianh  nnd  Sun  on  Nov.  10.  so  that  for  over  five 
hours  it  will  he  seni  projected  tia  a  romid  bliicli  xpot 
ttpun  Ibcdiacafthe  Sun.  The  transit  will  begin  nt 
9*  55"  A.  M-,  and  end  at  3^  12"  p.  it.  central  linie. 
The  nccompaayin]!  diu(;ran],  1^.  I,  will  indicate  the 
coarse  which  Mercury  is  to  take  acrofts  the  solar  due. 
This  transit,  which  will  l>e  the  last  to  occur  durtait 
/^  this  Ci-utury.  will  be  visible  thruoKhout  North  and 
South  America,  nnd  in  the  wrxiern  part*  of  Europe 
and  Africa,  Hcforc  November  we  v*ill  yive  the  ncoes- 
tiary  tiata  for  cumpntini;  tlie  times  of  tlw  coiitartti  for 
Piii.  1.  diflcrcnt  localitica. 

OocnUations, — The  usual  number  of  occultattons  of  stars  hv  the  Moon  is 
to  be  expected.  The  Hsts  of  these  lor  each  month  will  be  ^iven  one  month  in  ad- 
vance. We  can,  however,  give  only  the  dnta  which  apply  to  the  occtiltatifm.s  as 
seen  Irom  Washington,  siwe  these  data  arc  quite  different  for  difSrreut  localities, 
and  the  labor  of  calculaLing  them  for  a  sufficient  number  of  points  to  mnkcagca-J 
eral  table  even  for  the  United  Stale*  wopid  be  more  than  we  can  undertake.  The , 
'Washington  tiroes  will  scrv*  tu  call  attention  to  the  phcuomena.  but  tnay  be  ex*  I 
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-prrted  to  be  In  error  by  many  iniiiiiU-K,   bcslUca  llie  diSrrctjve  in  lim^ihidc  fi>r 
o;  hrr  pliuYs- 

Tbe  Planets.— W«  hare  hnti  the  dingrn ins,  Flga.  2  and  3,  mndt  in  order  to 
pljkcc  before  the  ryt  of  lIk  render  the  |jlniicl»  in  ihcir  true  places  in  tbeir  orbtts, 
aotl  rvlalirc  puiitions  writh  refneucc  tu  tlie  Eurtb  nml  Sun.  The  circlm  repmtmt 
the  (irbitK  oftbr  (ilnnetn.  ntid  their  iwsitionx  at  tbe  beeiniiinii  jmiO  end  oftheyevr, 
and  in  some  ea»es  at  ttiv  bi'^iiininx  of  each  montb,  ore  marked  u|K)n  the  circles. 
It  wan  impmctieiiblc  tn  tlrnw  tbem  nil  tn  tlie  sutne  scale,  be^-ause  of  tlic  enormous 
dineniitons  of  ihe  itrbiia  of  Uranns  niid  Nr|)tunc. 
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Fm.  :i.— DunRJtM  siiowtHrr  the  vlacks  of  Mkrcvny.  Vkxl'b  axr  Eartii  is  tiibui 

ORaiTjt  UCKIKR  1894. 

At  a  glance  one  will  mv  thjit  Mercury  mnkcs  b  liltic  more  llinn  four  revolu- 
ticm*  almiit  ttie  Sun.  bi!inj>  seen  from  tlie  Earth  firsl  on  ont-  Aide  then  on  ibe  uiber 
cf  tbc  SiMi.  ()ii  Jun.  \  tliih  pliiiict  us  seen  from  Lht-  Bnrtli.  is  tu  tlte  right  nr  wpvt 
oftbeScn.  Towaid  il»e  end  of, the  month  it  will  l>c  licbind  the  Snn,  at  BU|)erior 
rot^tinvtton.  A  (cw  dny*  Ijcfore  March  1  It  will  be  at  Its  crvtitesl  distnnce  to  tbc 
left  or  eftst  of  the  Siun,  and  will  tliervfure  be  visible  in  tlie  evening  just  after 
siiopet.  Abnat  tlie  middle  uf  March  Mercury  will  be  in  line  lictween  Barth  and 
Son,  i.  «,,  Nt  tiikrior  conjunction,  and  inejsihio.  A  bttle  study  of  the  chart  will 
■bitw  tbnt  weouttbl  lociiwct  to  see  Mercury  o»"eYening  star" iii  the  latlter  pari 
of  Krhruttrv.  the  InUer  part  o(  June  ami  the  middle  of  (Vt<il»er,  imd  ns  "morning 
star  "  about  tliir  nitililte  of  April,  the  first  ul  AugoEt  and  the  tnsc  of  December. 

In  the  same  way  wc  find  that  Venu9  will  lie  "evening  stjir"  during'  January, 
but  will  paM  lictween  E^arlb  and  Sun  in  February,  and  nftcr  that  will  be  "mom' 
imi  star,"  reuchiti;;  her  Kreatcnl  distance  to  tlte  right  or  wmt  from  Ihe  Sun  in 
May-     In  Knvmiber  sbe  wiH  puss  lichind  the  Snn,  hecomine  erenin^  star  af;aiii. 

Pram  Fir.  3  we  see  that  Md.r»  la  jnat  coming  ont  from  behind  Ibc  Stin,  and 
win  not  be  in  o  «err  good  position  for  three  ur  four  months  yet,  bat  that  from 
July  tu  the  end  of  the  year  il«  position  will  be  very  fororable-  Jupiter  will  be  too 
elove  to  Uic  Sun  for  obKerrntton  during  M.iy  and  Jnnc,and  will  be  in  bc^t  poaition 
in  brccmlKT.    Samrn  will  Ik  best  seen  in  April  and  Mny,  and  will  be  iovisiUr  io 
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October.  Uranus  will  be  in  best  position  in  May  and  June,  and  Neptane  in  NoTCBi- 
ber  and  December.  At  the  present  time  Mars,  Saturn  and  Uranas  are  in  tbat 
part  of  tbe  sky  which  is  visible  in  the  morning,  Jupiter  and  Neptune  in  the  oppo- 
site region  which  ts  visible  in  the  evening.  Mars  is  rapidly  leaving  his  compan- 
ions behind,  and  at  the  end  of  the  year  will  join  Neptune  and  Jupiter. 


Pheaoaieaa  During  the  Year  1894. 


fir]  n.  tlw  Mi-niid  comet  of  IS73.  is  diHr  at  pcrilielinn  April  20,  atlil  will  he  in  ^od 
IKwItlon  for  aborrvutlon  lur  wvcnti  niorulix  nflcr  that  t Jroc-  Jt  will  be  a  tc]««CDp- 
M-eai»«t.    It  wa«  Inst  BVen  in  1878.  when  it  was  observed  for  fiv«  month#. 

Tbc  Mcorii]  is  Enckr'i  prnodtc  c<inict.  which  is  not  dnc  nt  pcribfliott  ttntil  Pdi. 
189S,  bat  will  br  in  Ix-Bt  (irtAicinn  for  ul)arrv,iiK)n  in  [kccinlwr.  ]K<M.  Thic  ta 
Abo  »  trlocujnc  c^met,  luivin^  ti  ixnoH  ol  ^.3  yc^ars. 

If  the  rt-udcr  V\W  rtdt  tn  the  filnti:  of  t)>c  Jitpltn-  fnnli^  «f  comcU  fn  the  Kn- 
rntilxT  niimticr  of  A^tho\omt  a.m>  A<iTKO-t*iivMi'«  lir  will  sre  the  orhitsof  thcsv 
<wiiKls  ond  their  iclatii>n  to  Ihat  of  it»c  Entlh. 
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Pit..  4.— Chart  siiowikc  tuk  AiTAKt^xr  i'Ariiy  ui'  Satmik  a.\d  TRAKt'e  aiion6 

Tiiu  Staes  in  ISIU. 

The  Phennmeiui,  «f  the  SniellllCH.— The  satellites  a(  Wnvt.  nrr  so  stnall 
and  (ftint  ilint  tlu-y  are  not  likely  to  be  Bcni  by  mt^ny  .-imateiirs.  Tbc  most  faT- 
umtile  tunc  to  make  the  attempt  to  aee  them  will  l>e  in  t)etober  wlien  Man  is 
iKartst  the  K^rth. 

Th«-  [iltrtnimcnH  of  Jii|iiler'ti  fiiar  onter  Satrllitex  mny  be  (tbserred  witli  t\  very 

mnderntc  irlrscopc.    We  will  thctrJort  Rtvc  for  each  nioiiih  the  ttmcs  of  those 

fibrtionieiiii  wbieb  will  lie  visible  in  the  I'nited  Stales,  iind  the  conliea ration  uF  the 

witEUttnal  itic  moHi  con^'cnient  hour  fur  obacrTatioa  on  ench  night.    Thedtn- 

Ifmra,  Pig.  C,  shown  tde  .nppnfetit  couoks  of  tbc  ttAtellttes  nraund  the  pfanei  for 

lilts   yirar.    T>ie  diJtKram  }:ivcs  the  upiwaranve  seen  in  an  iu^trttiift  telncope. 

Tbe  T«rticn1  »cul«  v*   in.iile  three  times  that  oi  tbc  burizuDtnl  scale  iii  order  to 

cle»i'  ■'(•  titc  line*.    Unfortanatcly  tlic  arrows  indicating  the  direction  of 

■tm-''  irrn  ooiittrd  from  the  cut.     It  ifl  cnsy.  liowevcr.  Ui  rcmi-oilicr  that 

III  in  tile  ii[i|)er  h:i1l  (il  citch  Mttrlbtc  orbtt  is  toward  t!ic  Iclt.  and  in  tbe 

ill  towartl  the  risbt.     Il  will  be  notitrH  that  nil  the  mitcllitva  excei»l  IV 

pQw  in  fmol  ol  (lie  ptni>et  wlien  Kt^'xR  toward  llic  left,  and  behind  it  when 

fMATiog  toward  tfac  rigtil.   SatclHle  IV  bitrely  skirts  the  up|Kr  unit  lower  eilges  of 

Uw  fioaet.    Tbe  dme  wlirii  a  luiiellitc  enura  upon  tbe  right  edge  of  the  disc  of 
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Japittr  i»  (IcsignatrH  in  the  table  nu  fMgf  IH  as  Tr,  la.  (imnsit  inprw*)  ,*thnl 
when  it  leaves  tlir  left  edge  Tr.  Hg.  (Iraiifiil  CRTews).  The  lime  wlwn  llie^sniclliie 
eomin^  rnitn  the  left  roch  )>eliin(l  the  plnnet  is  iJeni^iatcd  Oc.  Ois.  (oecultiitidn 
ilisappcaniitce);  when  it  crnvrges  on  the  light  Oc.  A'#.  locvultntiuti  reappear- 
ance). When  tlie  Bfliellite  enler*  the  abiidow  of  the  planet  the  de8i;pinlio«;i*Jfie. 
[Us.  <ecliiifie  ilisiippeanince);  when  it  emerges  from  the  shadow.  £r.  Re.  ^etrtiiMe 
nrappearnnoe).  The  shndow  of  the  jj/inet  as  »«ii  from  Oie  Eurlh  t»  «imetimr« 
projected  t««ord  the  nKht,  sumetiii)e»  towiutl  tin:  left,  jind  mtimetimes  dirciclly 
hehitid  the  plancL,  nectiidinK  to  the  jKikiiion  of  the  Ivurth  witli  reference  to.tlie 
hnc  pasEinf;  thrdu^h  (he  ISnn  und  Jupiter,  sv  that  the  la&t  nieutionnl  pKenonieiia 
orciir  in  dliTercnt  uppurent  positions  wnh  rerereiice  tu  llic  plunct  at  differeni 
times.  Ill  I'clirmir>'  the  shadow  ol'fupiter  will  Iw  pfojcrteri  toward  the  hirht,  no 
thai  the  eclipsca  ull  iMXut  after  the  neenltntinns  und  on  the  h)<ht  mU  of  th«, 
pUnel. 
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PlO.  G.— DiAOMAM  SlIOWIXIl  TUB  AfPARHMT  COUIISESOC  THE  SATIiLLITES  OP  JlTW- 
TKK  ARMtlNII  THK  CljIKKT  IN  181>4>. 

The  fiinr  dinrrams  nt  the  top  of  [wise  77.  mnrkcd  /'Aflscs  of  the  Edipset,  etc-. 
ahow  where  tlic  nhservcr  should  look  for  the  disappear  mice  and  rmripcarancc 
of  nu-b  Hatellile.  Satclhte  I  n  so  near  the  ptanrt  thnt  it  enlcm  llic  sha- 
dow while  behind  tlic  plarwt.  bnt  reappears  at  the  point  marked    '■     Satellite  II 

disappears  in  the  shadow  it'  ver>  soon  after  emrrp'*}'!  f^mi  (Kvultntion,  and  re- 
appears at  >*  The  thirdsntellitc  tsso  far  out  that  hnth  the  disnppenranrc  and 
reappearance  of  eclipses  «>wurqnite  a  distance  to  the  n^ht  of  the  (dnnet,  and  IV 
doen  not  enter  tli«  shadow  at  ull.  When  the  sbndow  of  a  tuitellite  eros5e»  the 
disc  of  the  planet  it  is  seen  us  n  round  black  &|K*i  enlenni:  on  Lite  rinln  und  im»s- 
tng  off  lite  left  edge.  The  Iiej^iniiin;;  of  this  plicnomcnon  i*>  deaicnatcd  Sb-  to. 
(tmnsii  of  shadow  ingress),  and  the  end  £/i.  Eg.  (transit  of  shadow  egn-MtJ. 

Tlic  cnnri;;tinilion  of  Jopiter's  wilellitc>  will  Iwr  indiaited,  as  for  Pcbninnr  om 
page  77,  (bra  giircn  hoar  of  each  nisht.  the  light  discreproienting  Ihr  planrt  nnA 
the  dots  the  relative  positions  of  the  saLclllteii.  The  nuniernls  indicate  the  nan- 
bcns  of  the  satellites,  and  also  the  direction  nf  their  motions.  The  )att«r  is 
atwavs  from  the  dot  toward  the  numeral.  A  hf>ht  disc  at  the  left  aide  of  the  pa^ 
indicates  that  tite  salellitc,  whose  numeral  is  attached, is  pntjectcd  upon  the  faee 
of  Ihc  phinrt;  a  binck  disc  on  the  rif^bt,  that  the  satellite  is  Invisible  by  oceulLa- 
tion  "r  eclipse. 

Five  ul  the  R^itellitcsuf  Snturu  arc  usually  visible  witb  a  telescope  of  mode- 
rate power.  As  tltey  are  Ifest  seen  when  at  tlteir  greatest  diMtiiiicr^  to  the  rJKhl  or 
left  of  the  planet  (elongations),  we  wil)  give  each  month  the  times  of  the  eastern 
elongations.  The  western  elongations  will  occur  just  half  way  laetween  the  east- 
em;  and  Lite  positions  of  lite  stttcllites  at  other  timca  can  be  inter|Kilaled  with  the 
aid  of  tl>e  diagram  Pig.  0. 

By  this  diagram  th«  reader  will  see  that  the  satellites  of  Saturn  like  those  of 
Jupiter  move  toward  the  left  in  the  appcr  half  of  their  orlMts  und  luward  Ihc 
n^ht  in  the  lower.  Only  the  inner  two  transit  across  the  (ext  of  the  planet  and 
ate  occulted.    They  arr  so  small  that  they  cannot  be  seen  in   tmntit,  nor  can 
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P)&.     6. — UtfcliKAM     Mluni.HU     THK    AfPMlBJiT    Cul  KM.H    'It      Till'.     ,->AThi.(.ITh?.    ttf 
&»TI'1W  AKUt-SD  TIIK  I'LA.NHT  IM  189*. 

thrir  itioriaws  f>c  Sfccn-  The  jiofitioiiK  of  ttie  sntdlito*  nt  intrtvalx  nf  one  day, 
hr^iiitiiti^  with  castcrti  elongation,  arr  marked  upon  t[i«  dtngrnm  by  the  Icttcni 
Icf,  2d,  etc  Tbc  utK  of  tltew  will  Ik  readily  Men  frcmi  the  (ollowinfj;  example:  On 
Feb.  S  Mixonlinj{  10  the  mbtc  on  pnjje  7H,  Titau  will  l>c  at  eastern  elt>n|{n(ion 
at  1S^D  p.  M.  Oh  tlK  n«xl  Hay  nt  the  suttw  time  the  sotellile  will  hv  at  tbc  point 
nuiriicd  Id:  at  midnight  or  the  0th  it  will  be  midwoy  between  id  and  iti.  etc. 
The  nrhic  of  lapctiia  is  uf  the  sitmc  fonn  na  the  oclim  bitt  h.i9  a  httic  more  than 
[WKT  the  fJinmeter  ol'  thiit  nt  Hrprriun, 

Tlie  rihgii  111  Katnrn  will  be  iti  in»nl  pa>aitit>ii  for  obitcrratMin  lUk  year.  Tlxir 
■ppenrancc  ik  ruDghly  intlK'nled  in  the  diaeram. 

The  ftatcllttcB  of  Uruniis  and  Mcptunr  urc  too  bint  lo  be  seen  except  with 
lur};<  iele«m|ira. 


PLANET  NOTES  FOR  FEBRUARY. 


Afrreurr  will  be  "crenins  star"  ittiring  Prbnmry.  During  the  fint  halFnr 
the  month  he  will  he  clote  to  tl>e  Sun.  but  i<>  the  latter  pan  will  Ire  viiihli:  to  lllc 
wUccd  eye  for  a  short  dmc  after  suneet-  He  will  Ik  at  greatest  elongntjoo.  cost 
tram  the  Sun  IS**,  on  tltc  evening  of  pch.  29.  Hk  grenti-»t  hHllianry  will  be 
fttUuneil  oti  the  irveniDf;  of  Feb.  31.  Mercury  will  be  ten  dtxi'^t^  due  south  from 
Vcnna  ot  '.*"  II*"  P.  M    Feb.  «,  L-eiitial  time. 

Veaa*  will  lie  vi«bk  a*  rvenini;  planet  for  biit  a  few  dny»  in  Febninry.  On 
tl*e  Ittth,  ol  S*  04"'  A.  M..  <hc  will  be  at  inferior  cuiy unction,  /■  r..  lictween  tlic 
Bartli  (ut]  Sun.  Venua  will  be  in  voujunclion  witli  llic  cnacaiL  Muod,  11°  ourtb 
ol  the  latter,  at  S**  (ia->  P.  u-  Vth.  6. 

Stmr»  will  be  visible  in  the  aonthcast  after  if*  x-  v.,  but  at  too  low  m  altiwde 
(or  guMi  oliWTvatit'na  in  Our  lntiCii<tc- 

JapHrrvrHl  lie  at  rinndmturr.  90"  eatt  from  the  Sim,  FeK  II.  at  t*  SS""  a.  m. 
Br  wtti  Ih'  in  rxeellcnt  jtoKiiion  for  obiwrvatlnnilurin^  the  early  |tarc  of  the  night. 
Jupiter  will  he  in  eoitjuiietiuii  with  tlK  Moou.  i-"  M'  north  of  the  latifr,  Feb.  13 
ata*I(P"  A.  y* 

Saturn  may  Ik- utNKrreetl  after  niidnijiht.  Look  toward  the  ^nuthcAnt  in  tbc 
convtelUlion  VirmJ,  about  5"  riorthenst  from  the  star  Spico.  Ttie  rioK"  "1  *•»* 
planrt  ate  easily  teen  with  qnitc  a  small  telescope.  They  are  now  turtu^  at  an 
■Ngte  of  W  to  the  line  of  si([ht.  «o  that  with  teJeiicopc»  of  modcmic  power  the 
dMaions  mar  t>e  seen.  Snium's  a)iparcnt  motion  among  the  «iarB  durtnj;  fttt- 
raaiy  will  be  we»tw«nl.  He  will  be  in  cunjnnction  with  the  Moot),  i"  north,  at 
«•  <K*  r.  M.  Feb.  X4. 
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Vranus  rises  about  midnight,  and  is  in  position  for  observation  from  3  to  6 
A.  u.  He  is  in  the  constellation  Libra,  about  1°  45'  east  and  26'  south  of  the 
star  a.  Uranus  will  be  at  quadrature,  90°  west  from  the  Sun,  Feb.  3  at  7^  04" 
p.  M.  He  will  be  stationary  in  right  ascension  Feb.  18,  and  after  that  will  move 
slowly  westward.  He  will  be  in  conjunction  with  the  Moon,  3°  36'  north,  at  9^ 
SS"  A.  M.  Feb.  25. 

Neptune  will  lie  at  quadrature,  90°  east  from  the  Sun,  Feb.  29  at  2''  36"  A.  M. 
He  will  be  in  j^ood  position  for  observation  during  February.  He  is  almost  sta< 
tionary  in  Taurus,  a  little  more  than  onc-tliird  of  the  way  on  a  straight  hne  from 
I  to  e  Tauri.  There  is  no  star  of  etiual  brightness,  i.  c,  8th  magnitude,  within  a 
radius  of  1°. 


Planet  Tables  for  February. 


Dftte.        R.  A. 
1894.      h   m 

Feb.   5 21  4-1.7 

15 32  49.2 

26 23  10.4 

Feb.   5 22  11.8 

15 21  49.5 

25 21  28.2 

Feb.   5 17  35.5 

15 18  05.8 

25 18  36.2 

Feb.  -5 3  20.0 

15 3  23.4 

25 3  28.0 

Feb.   5 13  37.0 

15 13  36.5 

25 13  35.4 

Feb.   5 14  51.7 


Decl. 

-  15  51 

-  8  18 

-  0  37 

-  3  43 

-  4  12 

-  6  00 

-  23  28 

-  23  43 

-  23  37 

+  17  34 

4-17  49 
+  18  08 


19 
13 
04 


-  16  02 


MBRCURY. 

KlAC*. 

h  m 
7  41  A.  M. 

7  36  •' 
7  17  " 
VENUS. 
7  19  a.m. 
6  20  " 
5  26  " 

MARS. 

4  09  a.m. 
4  01     " 
3  52     " 
JUPITER. 

11  00  A.  H. 
10  22     " 

9  46      " 
SATURN. 
10  56  p.  M. 
10  16      " 
9  35      " 
URANUS. 

12  51  A.  U. 


Transit*, 
h       m 

12  38.1  P.  M. 
1   06.1     " 
1  17.9      " 

1   08.3  P.  U. 
12  06.7     " 
11   06.2  A.  M. 

8  82.6  A.  M. 
8  23.5     " 
8   14.6     " 

6  15.fi  P.  M. 
5  39.6      " 
5  04.9      " 

4  30.8  A.M. 
3  51.0     " 

3  10.5     " 

5  49.2  A.  U. 


S«ta. 
h    m 

5  35  P.  H. 

6  36     " 

7  19     '* 

6  57  p.  M 
5  64    " 
4  46    " 

12  56  P.M. 
12  46    " 
12  37    " 

1    32  A.M. 

12  57    " 
12  24    " 

10  05  a.m. 
9  26     " 

8  46     " 


11   47  A.  H. 


Plaaet  Tables. 
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Jupiter's  SBtellitea  for  February. 


Phases  of  the  Eclipses  of  the  SateHites  for  an  Invertiag  Telescope. 


I. 


III. 


II. 

ConSguration  at  S"  for  an  Inverting  Telescope. 

DaT 

West                                                                    Bant. 

1 

2 



3-                     O           -1 2-                                -4 
.3          '  ^\i   ""    o        '                        "                      -4        ' 

3 

•3-2         O      1-                                          4- 

4 

■I      O        -3    -2                        4- 

5 

01-2-                       4- -3 

6 

2.                  0        4-                3.                                ■!• 

7 

4-    1-      O   3-                                                       ■2« 

8 

4-        3-                O        -1      2- 

9 

4-              -3            1-2-        O 

10 

4-                           -3    -2            C          I- 

11 
12 
13 
14 
15 
16 

— 

■4                     -1     o          -2                          -a* 

'"■4                               o    r  2-             -3 

"■4             2-                   O                             3                                      •!• 

■4        1-2  0         3- 
3-                    O     -4  -1         2- 
3-                 1-     2-    O                           -4 

17 

18 
"19 

20 

21 

22 
^23 

24 
^25~ 

26 

ov 

■3       -2                   O                1                          4 

■1          0-3         -2                                        .4 

O      1-2-              -3                              -4        _ 
■2-           -1       0                                -3                     4- 

■2   ij         ""  3-                         4' 

3-              O       1               -2  4- 

O  2- 

3-                      1-         C4' 
■3       .,/■                  O              l 
"'4-                        1         -30           -2 
4-                                                  o         !■     2-         -3 

27 

2.S"| 

4-                                  2-        .1        O                                    3- 

•4                           -2      or         3- 

Uute 

Ftb. 


11 
12 
16 
20 


star's 
Nanio. 


Occultations  Visible  at  Washington. 

immii:rsion  i;mkrshin 

Wa^liitiK-      .\n«le        Wiisliiiii;-     Ain;1f 

ton  M.  T.     f'm  N  jit.  tun  U.  T,  I'm  S  pi,  iiiiriilmn. 


Maiinl- 
[  ikIl-. 


lOArit-'tis (i 

?  Arietis 5 

c  (ictninortim.,.*! 
6  Lconis 4 


l> 
11 
17 

y 


4;i 

13 
17 


711 

'.tr 
ir)2 


)l 

s 

12 
17 
10 


02 
117 
49 

58 


■_'2H 
237 
332 


13 

r.4 

32 
03 
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Elongations  of  the  Satellites  ofSatutn. 

(The  wMtcrn  dongatloiii  will  be  fonnd  approxliiiatelr  half  way  between  the  eaatera 
aad  other  poiiitloni  may  beeanlljr  Interpolated.) 


Feb. 


Mar. 


Feb. 


MIMAS. 

ENCELADUS  Cont 

• 

DIONB  Cont. 

3 

h 
6.7  A. 

H. 

w 

Feb 

20 

h 

9.9    A.    M. 

E 

Feb. 

18 

1.1  A.   H. 

B 

4 

6.3      ' 

w 

2t 

6.7  P.  u. 

B 

20 

6.8  P.  11. 

E 

6 

3.0      ' 

w 

23 

3.6    A.    H. 

B 

23 

12.5      *' 

B 

6 

2.5      ' 

w 

24 

12.5  P.  U. 

E 

26 

6.1    A.    M- 

E 

7 

1.1       ' 

w 

2S 

9.4       " 

E 

28 

11.8    P.   H. 

B 

11 

69      ' 

E 

27 

6.3    A.    M. 

E 

RHEA. 

12 

5.5      ' 

B 
E 
E 
E 
E 
W 
W 

28 

3.1     P.    M. 

E 

Feb. 

3 

7.7  A.  u. 

B 

13 
14 
15 
15 
20 
21 

4.1       ' 
2.8       * 
1.4       ' 
midn. 
5.7      ' 
4.3      * 

Feb 

TETHYS. 

2      4.4  A.  u. 

4  1.7      ■' 

5  11.0  P.  M. 
7      8.3      '• 

E 
E 
E 
E 

7 
12 
16 
21 
25 

8.0  p.  If. 

8.4    A.    M. 

8.8   P.   U. 

9.2    A.    M. 

9.6  P.   U. 

B 
E 
E 
B 

B 

22 

3.0      ' 

w 

9 

5.6      " 

E 

TITAN. 

23 

1.6      ' 

w 

11 

2.9      •' 

E 

Feb. 

4 

6.0  p.  it. 

S 

24 

12.2      ' 

w 

13 

12.2      " 

E 

8 

12.9       " 

B 

1 

4.6      ■ 

E 

15 

9.6  A.   U. 

E 

12 

10.5    A.    H. 

I 

ENCEL.\DU 

s. 

17 
19 

6.8      *■ 
4.1      " 

E 
B 

16 
20 

2.0   P.   U. 

4  7       " 

W 

S 

2 

2.4  p. 

3.1. 

E 

21 

1.4      " 

E 

24 

n.2  A.  M. 

E 

3 

11.3      ' 

' 

E 

22 

10.7  p.  it. 

E 

28 

9.5       " 

1 

5 

8.2  A. 

M 

li 

24 

8.0       " 

E 

HYPERION. 

6 
8 
9 
10 
12 
13 
14 

5.1   p. 

1.9    A. 

10.8       ' 
7.7   P. 
4.5   A. 
1.5   P. 

10.3       ' 

M. 

M. 

U. 
U. 
M. 

E-: 

E 
E 
B 
E 
E 
E 

Feb 

26 
28 

I 
4 
7 

5.3  " 
2.6       ■' 

DIONE. 

3.1    V.    M. 
8.8    A.    M. 

2.4  '■ 

E 
E 

E 
E 
E 

Feb. 
Mar 

2 

K 

12 

17 

24 

.    1 

fi  6    P.    M. 
3.2   A.   u. 

12.8  p.   H. 
4.7      " 

12.9  A.   u. 
9.2       ** 

I 
W 

K 

B 
I 
W 

16 

7.2  A. 

U. 

E 

9 

8.1    P.    U. 

E 

lAPETUS. 

17 

4.1    P, 

u. 

E 

12 

1.8       " 

E 

Feb 

28 

1.0    A.    U 

W 

19 

1.0   A. 

M. 

E 

15 

7.4   A.    M. 

E 

Mar 

.  19 

9.9  1*.  M. 

s 

Phenomena  of  Jupitcr'a  Satellites. 
Central  Time. 
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Phases  of  the  Eclipses  of  the  Satellites  for  an  Inverting  Telescope. 


II. 


III. 


IV. 


No  Eclipse. 


Con/igaratioB  at  S"  for  an  Inverting  Telescope. 

I>*T. 

1 
West                                                                  I^aat. 

_  .  1  1 

2 

3;                      O              1  2- 
.3                ='■.1           O 

■4 
■4 

31 

■3  -2          O       1- 

4- 

4 

5^ 

'  6 

7 

1 

•1       O         -3    -2                          4.- 
01-'2-       "                 4'  -3 

— 

2.                    0        4-                  3. 
4-     1-       O    3- 

-2« 

8| 

4-        3-                  O         -1       2- 

9| 

4.-                -3             1-2-         O 

9 

101 

n] 

12  1 

4-                              -3     -2              C           1- 
"      -4       '            '               1        O               -2 

•4                                             O     1- 2-                  -3 

-3* 

13 : 

14 

■4             2-                   O                            3 

4-      i-"i>  -j'     a- 

1* 

ir> 

3                     0     -4    1         2- 

16 

:i                 1-    2     O                         4 

17 

"""iS;" 

■:t    -2            ^'         -1                -4- 
■1       ■-.-■;!      -2 

.4 

19 

O      I-  2-              3 

■4 

l!l) 

2'             1                                        -.'t 

4- 

21    -2  V 

■2  ...          ;i-                  4-- 

■>■> 

2;i  o"2~ 

;t-               -1          ■2  4- 

3-                      !■            4- 

- 

24' 

■■.i       ...'                   -             -1 

- 

'  2r, 

~2IS 

-     - 

4                         1          .'t              -2 

4-                                          r    2-      -.i 
4-                       2       .1     <i                        a- 
■4      "'                   "2      ci-         :!■ 

- 

Occultations  Visible  at  Washingion. 

iM.\T!;RSIi)N  liMHKiitiiN 

Piilc  Star's  M;imil-     Wasliini;.      .\nj;lc         Wasliiiin-     .\iil:Ii' 

l>«y-t  NiiirK-.  111. if  iMTi  M,  ■[■.     I'iri  N  i>t.   Iuti  m.  r.   I'm  N  [it.  Iiiiral  li-ii. 

h        111                                  1i       111  li  '" 

Ftli.  11     HiAni-iis r.            i;    I'.i         7f.         s    nif       -j-jr,  i  1 :; 

12     ;  Ariftis .".            1  1     l.'l           ',17        12     07        2:i7  '>  ."a 

lit    c  (■,ciiiiii(.riitii...(;            17     17           r.'.i         1 7     lH        :i:i2  II  :t2 

211    (J  Leon  is 4              'J     ."-5         ]ri2         in    r>S        277  1  na 
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Elongvtiona  of  the  Satellites  of  Saturn. 


(The  weitem  elongatfont  will  be  found  approslmatel;  half  war  between  the  caitera 
aad  other  poeitlons  tnay  be  eaullr  Interpolated.) 


Feb. 


Mar. 


Feb. 


MIMAS. 

ENCELADUS  Cont 

■ 

DIONE  CoKT. 

3 

h 
6.7  A. 

11. 

W 

Feb 

20 

h 

9.9  A.   U. 

E 

Feb. 

18 

n 

1.1    A.    U. 

E 

4 

5.3      ' 

W 

21 

6.7  p.   H. 

E 

20 

6.8  P.  U. 

E 

S 

3.9       ' 

W 

23 

3.6  A.  u. 

E 

23 

12.5      " 

E 

6 

2.5       ' 

W 

24 

12.5  p.  U. 

E 

26 

6.1    A.    u. 

B 

7 

1.1       ' 

W 

25 

9.4      " 

E 

28 

11.8   1>.   K. 

B 

11 

69       ' 

E 

27 

6.3   A.   M. 

E 

RHEA. 

12 
13 
14 
15 
15 
20 
21 

5.5       ' 
4.1       ' 
2.8      ' 
1.4      ■ 
midn. 
5.7       ' 
4.3      ' 

B 
B 
E 
B 
E 
W 
W 

Feb 

28      3.1   p.  M. 
TETHYS. 

2      4.4  A.  M. 

4  1.7      " 

5  11.0  p.  M. 
7      8.3      '■ 

E 

E 
E 
E 
E 

Feb. 

3 

7 
12 
16 
21 
25 

7.7  A.    K. 

8.0  P.  H. 
8.4  A.   M. 

8.8  P.   M. 
9.2  A.  u. 
9.6  P.  H. 

B 
B 
E 
B 
E 
B 

22 

3.0      ' 

W 

9 

5.6      " 

E 

TITAN. 

23 

1.6:        ' 

W 

11 

2.9      " 

E 

Feb. 

4 

6.0  p.  M. 

S 

24 

12.2      ' 

w 

13 

12.2      " 

E 

8 

12.9       " 

E 

1 

4.6      ' 

E 

15 

9.6    A.    M. 

E 

12 

10.6    A.    H. 

I 

ENCELADU 

S. 

17 
19 

6.8      " 
4.1       " 

B 
B 

16 
20 

2.0  P.  H. 
4  7      " 

W 

s 

2 

2.4  p. 

M. 

E 

21 

1.4      " 

B 

24 

n.2  A.  M. 

E 

3 

11.3      ' 

' 

E 

22 

10.7  p.  M. 

B 

28 

9.5      " 

I 

5 
6 

8 

9 

10 

a. 2  A. 
5.1   p. 

1.9    A. 

10.8       ' 
7.7  p. 

M 
U. 
M. 

XI. 

E 
E 
E 
E 
E 

24 
26 
28 

8.0      ■• 
5.3       " 
2.6       " 

UIONE. 

E 
E 
E 

Feb. 

HYPERION. 

2      6  6  P.   M. 

8      3.2  A.  u. 

12    12.K  p.  M. 

1 
W 

!S 

E 
I 
W 

12 
13 
14 

4.5  A. 

1.5   p. 

10.3      ' 

U. 
M. 

E 
E 
E 

Feb 

1 

4 

7 

3.1   P.   M. 

R.R    A.    M. 

2.4       " 

E 
E 
E 

Mar 

17 

24 

.    1 

12.9  A.   u. 
9.2      '■ 

16 

7.2  A. 

H. 

E 

9 

8.1     P.    M. 

E 

lAPETUS. 

17 

4.1   p. 

M. 

E 

12 

1,8       " 

E 

Feb. 

28 

1.0    A.    M 

w 

19 

1.0    A. 

M. 

E 

15 

7.4    A.    31. 

E 

Mar 

.  19 

9.9   I'.  M. 

s 

Phenomena  of  Jupiter's  Satellites. 
Central  Time. 
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Approximate  Timet  when  the  Oro«t  Red  Spot  will 

pass  the  Central  Meridian 

of  Jupiter. 

h   m 

h   n 

ll    m 

Feb.        2      1  20  a.  y. 

Feb. 

11    11  39  p.m. 

Feb. 

21      9  58  P.  M. 

9  12  p.  H. 

12       7  Al     •• 

22      5  50     " 

4    10  51     " 

14        1   18  A.  M. 

23    11  38     " 

5      6  42     " 

14      9  10  p.m. 

24      7  29     •■ 

7    12  30 A.M. 

16    10  49     " 

26      1  16  A.  M. 

8  21  p.  M. 

17      6  40     " 

9  08  P.  M. 

9      2  09  AL  H. 

19      2  28  a.  H. 

28      2  56  A.  H. 

10  00  P.  U. 

8  19  p.  M. 

10  47  P.  M. 

10      5  52     " 

21      2  06  A.  M. 

Minima  of  Variable  Stars  of  the  Algol  Type. 


[Given  to  the 
U  CEPHEI. 

K.  A. 0^  52"  32' 

Ded +81"  17' 

Period 2d  ll^SO" 


nearest  bonr  In  CmtrM  Standard  Time.] 

S  CANCRI.  SANTLI^  Cont. 


Feb. 


1 
6 

11 
16 
21 
26 


9  a.  m. 

8  '• 
8  " 
8  " 
7    " 


ALGOL. 

R.  A 3*>    1"     1' 

Deel +  +2°   31" 

Period 2d  20'' 49™ 

Feb.   11  6  a.  m. 

14  2    " 

16        IIP.  u. 
19  K     '■ 

R  CAMS  MAJORIS. 

R.  A 7'' 14"' 30* 

Decl —  16°     11' 

Period Id    S"-  IG" 

Feb. 


3 

7  P.  M. 

4 

10     " 

6 

2  A.  M. 

7 

5     ■■ 

11 

6  P.  U. 

12 

9     " 

13 

itiidn. 

15 

4  a.  U. 

20 

8  p.  u. 

21 

11      " 

23 

2  a.  m. 

24 

6  A.  M. 

28 

7  P.  M. 

R.  A; 8"  37"  39* 

Decl +  19°  26' 

Period 9dn''3a'» 

Feb.     6  3  A.  M. 

25  2     '■ 


S  ANTLl^. 


R.  A 

Decl 

Period 

Feb.     1 

2 

2 

3 

3 

4 

5 

6 

6 

7 

8 

Feb.     9 

10 

11 

1*2 

13 

14 

14 

l.-i 

16 

17 

18 

18 

19 

20 

21 


.  9'' 27"  30' 
.-  28°  09' 
.  Od  7^ 47" 

8  P.  M. 
4  A.  u. 
7  p.  M. 
3  A.  M. 
7  p.  .M. 
2  a.  u. 


midn. 


11  p.  M. 

10  p.  11. 

10  *■ 
9  " 
H  '■ 
8     •' 

3  a.  M. 
7  P.  II. 

3  A.  M. 

2  " 
2  " 
1      '• 

midn. 

midn. 

11  p.  M. 
10     ■' 


Feb.  22 
23 

24 
25 
26 
26 
27 
28 


10  p.  M. 
9     '■ 
8     " 
8     " 
3  a.  m. 
7  P.  M. 
3  a.  u. 
2     •' 


S  LIBR^. 

R.  A 14''55"06» 

Decl -     8O05' 

Period 2d07''51* 

Feb.     8  7  A.  M. 

15  6     " 

22  ti     " 

U    CORONA. 

R.  A 15''13"43' 

Peel +32°  03' 

Period SdlC-Sl- 

Feb.     7  y  P.  M. 

14  7      ■■ 

18  6  A.  H. 

25  4      " 

r   OPHIUCHI. 

R.  A 17''  10"  56' 

Dwl +  1°  20' 

Period 0d20''0S- 

Feb. 


3 

6  A.  M. 

4 

2     " 

S 

6     ■' 

9 

3     •' 

14 

3     " 

19 

4     ■• 

24 

5     " 

25 

1      '• 

New  Asteroid  1893  AO. —  This  was  discovorcd  b_v  Wolf  a  I  II<.'i(ltn)€rg, 
on  a  photographic  plate  taken  Nov.  6.  Its  position  at  'J^  18'"  Heidellwrg  m.  t. 
was  R.  A.  2*'  19";  Heel.  +  11°  22'.  Daily  motion  —  O.e""  in  H.  A.  and  —  2'  in 
Decl.     Magnitude  13. 


80 

Comet  Notes. 

Ephemsria  of  Comet  c  i 

893  (Broolu) 

.— From  Professor  Porter's 

:  last  elemeats. 

I  have  computed  the  loUowing  ephemeris  of  Comet 

Brooks. 

G.  M.  T. 

App.  R. 

A. 

App,  Dec. 

Log  r 

Log  J 

180« 

h 

m 

s 

0 

r 

Jan.     i-S 

20 

7 

34 

+  75 

12 

0.2894 

0.1864 

2,5 

20 

23 

7 

74 

56 

3-5 

20 

37 

53 

74 

39 

45 

20 

S> 

57 

74 

19 

5-5 

21 

5 

4 

73 

58 

0.3009 

0.2054 

6.S 

21 

'7 

18 

73 

32 

7-5 

21 

2» 

53 

73 

7 

8-5 

21 

39 

50 

72 

41 

9-5 

21 

50 

2 

72 

14 

0.3123 

0.22SS 

10.  s 

21 

59 

20 

7' 

46 

"S 

22 

8 

II 

71 

17 

12.5 

22 

16 

34 

70 

49 

'3-5 

22 

24 

24 

70 

20 

0.3234 

0.2462 

14.5 

22 

31 

34 

60 

50 

>5-S 

22 

38 

24 

69 

21 

16.5 

22 

44 

5S 

68 

S3 

'7-5 

22 

5' 

4 

68 

24 

0.3340 

0.2672 

18.S 

22 

56 

46 

67 

S6 

I9S 

23 

2 

14 

67 

27 

20.5 

23 

7 

28 

66 

59 

2'-5 

33 

12 

26 

66 

32 

0-3444 

0.2S8I 

22.5 

23 

17 

3 

66 

5 

23-5 

23 

21 

30 

!s 

39 

24.5 

23 

25 

47 

!5 

;i 

255 

23 

29 

S4 

64 

0-354S 

0.3088 

26.5 

23 

33 

SO 

64 

23 

27-5 

23 

37 

36 

63 

59 

28.5 

23 

4' 

13 

63 

35 

29.5 

23 

44 

39 

63 

12 

0.3642 

0.3290 

30-5 

23 

47 

55 

62 

49 

3'-5 

23 

5' 

I 

+  62 

27 

The  theoretical  brightness  of  the  comet  is  slowly  diminiBhing. 

O.  C.  Wendbll. 
Harvard  College  Observatory,  Dec.  16, 1893. 


iricd  nnd  bcnrty  comrpeodalifms.  received  from  tending;  sclrntiiitx  nt  liiitnc  nm] 

^•brtMu).  (larins  the  laat  iwa  yrjirs,  tl»c  publuihcr  has  hulievcil  tliut  tbis  [terwdlnil 

was  Curfy  mtitlcd  to  rank  witli  llic  tirsr  u(  its  kioil.    Tbnt  It  hiM  grown  Loo  tecit* 

jjticat  Jind  ticnv^  for  ptipulnr  reader*,  atoilents.  nnd   rtinajr  Mmtttcuiii,  Itiik  bora 

evident  for  morel hti a  a  tenr.    Tliia  was  tlic  lensnii  wliv  it  <trciiml  inri-iwijtT- to 

rinjt  out  nnuthcr  simpler  pnblkiitwn  of  the  Kimit  kind.     It  trmaiDii  nuw  to  Iw 

en  wlictticr  ar  tioi  ibrrcis  rcHlly  sa[>iKirt  ennugli  fnr  sn  expen^vr  it    p^'^biii- 

don  n»  ibis.    Tlic  comiu^  yciir  will  Ooubilnut  uaawer  Ihiii  qucrjr. 

Hsooti  (or  Piofeuora  BaJI  and  Banurd.— Tlie  l>cccnil>er  numlicr  **l  L'  ■Katroon- 
irrie  cr>nvty»  the  itifctrnwition  that  at  a  recent  merting  of  ihi*  A*tronomJcal  Sc»oiecy 
in  Prance.  M,  Ti*»cirtVjd,  prc*idcnt,  rtiid  dlrcctur  of  tlic  Pnri«  Ob«rr»ffltnry,  itn- 
^Ipbuacrd  tbflt  ibc  AmdrmT  of  Scienw-s  bad  ilccidnl  tn  confer  tllc  Arnj[o  ^nbl 
mini  upon  Prolv^iuir  I  tail  for  bis  di^iDvery  of  ihr  Satellites  of  Miirs,  niiH  upufi 
•rofessiir  Knmurd  for  bU  discovery  ofthe  fiftb  witellileul  JutMter.  eticb  nieddl  to 
wortb  l,O00fn;ncs.  T  be  A  rax**  nicdi-l  has  b«n  conicrreil  oidy  once  ticfofe. 
:])on  tbe  Hlustruiu  Lcvcrricr,  in  recognition  of  hin  dt.v;nvrr,v  oi  Neptune,  iind  i»  ma 
lOHOf  ili«l  eomea  to  very  few  astronojncrs,  Tbe  diKOwiirsot  tbc  •nlelbl««  of 
Mar«  and  of  the  fifth  MteliiteorjufNtcr  nrvjustljr  rcchutied  among  Uic  gn»tMl 
vbieTVfitioiinl  ttchievemcnU  of  thin  century,  tind  we  arc  gnittAcd  tbnt  the  labors 
ni  Btjch  eminent  nstnioomem  as  I'rofci«wini  Hnll  nnd  Bnntnrd  art  so  ftilly  appreci- 
ated in  the  highrst  Kicntitic  circles  nbrond.  Nu  liigher  tribute  thnn  the  Ara^o 
medikl  ciuM  liftvr  )n-ti  paid  to  Amertciin  acieiKC,  and  tlic  honor  lliiw  ^'onfirmtj 
ttpi>t>  !*rv>r   Hull  ;ii  <  I  nitronomer  at  tbe  Lick  Obaerratory  trill  be  ^llf 

iijiprTOnttd  by  iill  \  ■  -ironomrrs. 


The  Pbotograpbir  TrUscope  of  the  t^Hsdmn  Obsenrjtorr — Tbe  ph.  ^c 

trlctoiv  "f  'br  f'"lBilum  Obtcrvntorv  is  nn  idtui  unc  bu  ftir  ii»  iTjnv  il 

Blifi'  I.    The  mounting;  rnny  l>c  snid  to  lie  a  cross  between  lUc  i^r- 

mat:  <i  forms.     It  has  ihe^'itnl  qiinliticB  of  both  ibcse.  Jind  tbe  batf 

•  in.'iiites  ol  nnibei-.  The  tulK;  it  mounted  on  n  poUr  axb  tbut  bus  no  nortbeni 
iiti^jfirt-  Thin  pier,  whleh  i«  of  iron  and  iH|>efiiW>^  bciiL  at  n  ecrtaiii  [Hiiiit 
i(t  an  iMij:lcei]Ua1  to  the  latitude.  Tliio  lienl  (Mtlton  iv  tbe  polar  axis  apon  which 
tlir  ;ab«  and  tln-lbuition  axo'  nre  mounted.  Tb«  felinKW|ie  h  tbetvfotc  free  to 
<!i  .\r  under  I  lie  iMilaruiciiiCTEn  when  pointed  ti>  tltr  north  |nlc.     It  ia  thita  |K>fl- 

xiint  ibr  invlniment  to  nn,r  |mrt  nf  the  iH-nvenH  nnd  iben    revolve  It 
'^t    H-illtout  loiicliing  iIk"  pier  or  meeting  wiin  any  dlwiriiclion  in  the 
iterruptcd  cX)roHtire  villi  thcrdore  lie  bnd  pr  nnjr  ot^wt  Lli-Tioithoot 
'  u. 

Ihr  «])t]CMl  tori  of  tbe  telescope  constHis  of  two  otfjcciircs  rnoniiiefl  in  a 

il,.i:1ilr   :i:l«       T\i,  m-  gUssics  nrc  13  (Prench)BndU  (Fretirhl  Inches  in  iliamcltr. 

l,undia  used  as  ugutdiuff  l(le«cai>e  for  the  t3*inch  wbieh  is 

f.i.i.  H..J  •■;    i-ii-'^'-icrnphj.     tlotb  obiceiivc*  arc  of  the  wok  fociM,  via.,  3.'l  rnct- 

eta.    They  were  amdc  by  Steinbeil,  iitid  were  mounted  by  RcpMild. 

ft  niiubt   hi  ,1  ilmt  liiia  form  i>(   mounting  wiinbl  l»e  nobjevl  to  more 

nr  lew*  Jtexnre  .■  m  support  for  the  northern  end  ot  llw  i«td«r  axift  wlicrc 

I  Mill*.     Itr.  Si-bi'imir.  however,  Bintc«  that  it  la  lint  nmst 

•  i.ifc  (It  Polfljint,  nnd  that  it  b;u  not  shown  any  di^*- 
]iUor(neut  jjrrjiurr  llinn  lf»"  In  two  ytjirs. 

Tt-ril  tbe  method  is  safe  for  instrnownts  not  enceeding  IH  fncbe«  Ifi  shown  by 
tlK  fine  photographs  nf  cluictnt  tc»|>ecinlly  M  S,  M  11,  and  M  1.1),  that  tta«e 
bom  atade  with  it. 


Gvcr.v  photograph  made  with  tb»  instrument  ha»  a  mcati  iinprc«sT^  upon  it, 
»o  that  nccumie  ntfanum  of  the  stnr  poxicionM  may  be  madr.  Thi»  rcscan  is  im- 
prvsMtt  un  the  plate  bcfoTTii  is  rxpo9c«l  t(i  the  at«rs.  In  soruHng  an  impresftion 
of  the  ceseea  the  grentcK  rare  mu«t  \>e  exerciseil  to  Avoid  crrora  of  parallax,  for 
it  cannot  tw  placed  in  contact  with  the  senaitire  plotc.  The  method  of  doinf;  tbi« 
at  Pol»diini  is  an  fdllowK:  A  oniall  electric  liimp  is  placed  iii  the  foi.'aK  cf  the  13- 
inch.  Over  the  object  slaM  is  placed  o  tightly -fitting;  cop.  This  cnp  contain*  a 
phite  bolder  with  the  sensitive  plate  in  it.  In  a  similar  holder,  between  tlie  ob- 
ject glaM  nod  the  plate,  is  ihc  rcseao  which  consists  of  n  plane  glass  plate  on 
which  an  opnr|HC  liint  of  nitrer  has  lieen  deposited.  Cpon  this  the  reticle  has  Iwen 
ruled  leaving  lines  of  clear  gloss.  Tlie  small  electric  light  being  in  tlie  focus  of  the 
telescofic,  its  rays  will  leave  the  object-gbuxi  ]Kirallel  and  thtia  impiraa  un  tbe 
plate  an  ioingc  of  the  rescau  witfaotit  any  errors  of  parnllax. 


Orbit  of  the  Comp.aoiao  of  Sirlus.— In  Gonld's  Astronomical  Journal  for  ^Ml. 
•ith,  1891.  under  the  title  of  "Orbit  of  the  Companion  of  SiriiM"  1  described  a 
Kraphical  method  for  finding  the  "  best  "  orbit  of  n  double  ntnr  from  "scattering" 
obser^'a lions-  This  method  seems  to  me  to  l>e  in  one  respect  superior  to  that  iJe- 
ccribed  by  Pvofe«v>T  Sec,  in  hi»  pn|iertcEi(l  iKforc  the  cut>gr««)i  of  Astkoxout  akd 
AsTHO-PiivsicH  at  Chicago  and  published  in  the  lust  nambcr  of  this  jonmal,  bc- 
eonse  after  doing  all  that  he  descrilies,  it  takes  an  additional  step  in  the  direction 
of  sectiring  an  otliit  to  give  a  still  Itctter  general  average  of  all  the  observed  prr. 
sitinnx. 

For  brcviie  I  will  only  liere  refer  directly  to  the  illustrfitioti  of  the  orbit  of  jr 
Virginis  acrompttnriiig  Proftwor  See's  jjiiper.  I  oni  (niile  tiure  thnt  if  be  bad  gone 
otK  step  larther,  and  folloning  the  method  above  re^-rred  to  bud  connected  ench 
platted  observed  position,  by  an  arrow,  with  the  pUiee  of  tbe  companion  in  its 
assumed  orbit  at  t1>e  corresponding  date:  so  that  it  could  be  seen  at  a  glanc« 
whetber  llteeomp.'tnion,  moving  aecoriling  to  the  l.-xw  af  etgitnl  areas,  was  any- 
where systemnticnlly  eitlier  ahe.-»d  of  or  behind  its  observed  piwtions,  a  still  l>ci- 
ter  orbit  wunld  have  been  suggesicd.  CKAiti.es  p.  howahd- 

Tlie  editor  has  kindly  snbniitted  to  me  iIk  alxive  note  ol  Mr.  flowHrd,  wbo 
nu«c|  u  piiint  not  fully  developed  in  my  paper,  bnt  it  is  not  one  which  has  escHpcd 
my  attention  in  actual  work  on  Dooble  Star  Orbits.  Mr.  Howard  seems  to  as- 
sume that  I  have  not  sutlicientlY  tested  tbe  equality  uf  the  nrens,  and  siiggeats  n 
method  fordoing  this  which  would  Ik  good  except  (or  tbe  additional  complica- 
tion thuK  intnidiiced  into  the  diagratM. 

In  dcteriiiiiiing  orbits  I  bare  always  mcnsnred  up  tbe  nrens  by  the  method  id' 
small  iriangUrH  osed  b>-  ProloiWJr  Burnhnui.  which  is  in  all  respects  saiisfnctory 
and  hns  the  arivoncogc  of  leaving  the  diagram  free  Inim  nnoccrsiary  conipltcii- 

liODS. 

It  must  nut,  liowcrer,  be  assumed  that  no  systematic  deviation  should  appear 
In  the  observeil  »rens,  (or  systetnatie  errors  in  nugk  are  olXen  conspicuous,  and 
l)enee  the  npparcnt  ellipse  etioold  not  satisfy  these  erroncoits  angles. 

Tile  (iniil  ie9t  of  an  orbit  must  be  derived  fruni  a  comparison  of  the  eonipuled 
with  the  ti)jscrvcd  angles  and  distances,  Int  in  this  comparison,  ns  in  llic  graphi- 
cal work,  tare  iniwt  l>c  eserei*wl  to  exclude  worthless  ohacrvations. 

T.  J.  J.  SBR. 

The  British  Pbotof:iaph3  of  Ibe  Recent  Total  Eclipse  of  the  Sun.— The  Britt'sb 
ficUpse  ExpeditiiMis  for  photographing  the  total  solar  eclipse  of  April  16,  IfiOS, 
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hare  provei)  my  sucmsftil,  ant\  n  srrics  ttf  licniitiful  negatives  nf  th«  corona 
wmciMQrecIat  the  UrActlinn  and  African  stntiona. 

The  Iwu  statMiui  wnc  Mipjttin)  with  idciiLKnl  apparxttni. 

l»t.    A  4-toch  photo{*rnphic  (ens  60  iochrs  focus. 

3ih).  a  4-iDch  len»  of  i>0  ini^liM  focus  wicli  a  nietiisctis  tniRtfiing  Icnp  oT  H 
iaebe*  ncjjntivc  foctts,  tlie  loinl  OkM  length  licin^  5  feci.  6  inchca.  These  inntm- 
mmtk  wrrr  (Ik- wiirlc  nf  I'.illmryrr-  T  li«  Indrr  itislrdnicnl  f^flve  an  image  of  the 
tSnn  l^iiifh  in  diameter,  or  nn  ci)liirf{eniciit  nf  ubout  three  timca. 

In  Africn  9  ne{;flttve>  wrrc  K-ctiral  iilL<i|^l|Kr;  ft'ur  with  the  cii)Aq{in||  let» 
and  five  with  ibe  ntber  in^tramrot.  These  ncjcntircs  were  made  by  Sergeant  J. 
Kcanie/,  K.  E. 

to  Bnuil  12  net^atircs  were  olitained :  six  with  the  coEar^tng  nppar/ilus  and 
six  wiUiciuC  cnlni)tenient-    They  were  rnitdc  Ij^  Mr.  Tavlor. 

The  pltitr«  iiM-d  were  the  C^idct  Jiltd  iIk  (leveltiper  Pv  rev  Ammonia. 

Tbc  espofure  times  were  20'  —  13<K  —  5tt*  —  fi-  —  2'  —  15',  in  the  order  of  e«- 

pOnttTC- 

The  l<e»t  nej:all%T»  were  olitaiiwd  with  the  nhorter  eKpo«un«.  This  was  a 
•tmsMiry  mult,  due  to  the  fact  that  the  corann  is  not  |)hnlogriiphed  iiu  h  hincic 
•ky;  H  miMt  be  Hiftcriniinntrd  rrom  n  (uirtiallr  laminuuH  Ijnck|^<>unil,-and  thU 
cnntiTSt  lie  dnnc  wiih  rentonnhly  ehnrt  expofinrrs,  ns  wnt  pointed  oat  and  io> 
alsird  vpon  Uy  Mr.  Rnmliain  in  the  pre|Kimtion  for  tlie  eclipse  of  Jon.  1,  1880, 
itrt  alftu  p.  72,  Lick  Otiserratnry  EctipBc  Report.  Jan.  1,  lH8t»). 

The  fie}:Ativeii  fmm  tiraiil  and  Afiion,  show  a  Mplrndid  anmiiHl  nf  iletnll  and 
extension.  The  cnlitrKwl  imu^ek  urc  iiicciHlly  fine  and  show  that  henceforth 
Ifir^r  fficl  lire*  'if  |)»r  curtinn  mny  be  sccuml  with  sinrill  insttruincntnl  eiguipmefil 
t'.  '   lie  lriiti«)inrteil  ti>  the  nmRt  inac<.T!vVililr  plaiT^.    Iiidtvil  Mr.  Tay- 

I  thrti  n  very  much  larger  imnt^c  c^uld  hnvc  hee«  uncccMfully  »e- 

4^TT>1   with   I1>e  Mnntc  mi'triinienl   and  \*r  witutd  ni>w  prefer  an  cnlnr^enient  of 
(fai  times  instead  nf  tliire  ns  lie  tliinkf  the  results  would  hnvc  been  eiiually  sue- 
■I  on  the  jircater  scak.    By  all  means  the  method  o(  direct  entoniement  in 
'  tehKU|ie  should  be  wed  hereafter  m  all  expeditions. 

Thecntefiil  .levrloimimi  til  theme  F.n};liah  ecltpw  nejiatives  is  spcctatly  to  tie 
"^^ntutoeminl.  as  uttt  only  the  extensions  are  secured  liut  ul.io  the  details  near  the 
Mrxnt  aie  cnieliillr    |in,-«cr«ei)  in  the  development.     Some  of  tbc  plates  suHered 
sumewlial  from  tlw  warm,  moisiolimMtc  to  which  they  ivcte  ^uliiected 

Tlrt* corona  of  iH'.tH  us  fihown  un  thcM:  ne|iitiiee«  is  )tint*ulaTly  dilTercnt  from 
that  nf  ismr,  Jan.  1st.  or  I^K!(,  Tkr.  22.  There  is  nn  nliHeticr  of  the  beautiful 
polar  fans,  and  the  K'vnt  e«]aatnrial  win^  of  which  the  comnns  nl  thitsc  datiia 
were  cKaruetcrtatic.  The  corona  of  ItfJSniore  nearly  resembles  that  of  IK71  iit 
the  diiitTihuLiun  of  the  coronal  ulrcanis  in  all  talilwle^. 

nneol  (he  nn^t  imiinMAni  ihings  to  l)e  settled  liy  olinervntiuns  of  thi»  eclipse 
v  Tihcr  riipiil  climi|{FS  occur  in  the  form  of  tbc  curono.    Tlic 

1  ••  Jan.  I.  and  1889.  Dec.  32.  shr>wed  that  great  changes  cvr- 

•  in  the  Interval  of  one  year,  hut  no  successful  photoj;rtipha  had 
of  the  same  eclipse  with  snfficient  interval  in  ab*olulc  time  to 
lAmvr  if  thcKchiMi)^*  weiejirent  eiio»tih  and  n<pi<l  vnoiitih  to  be  shown  in  a  few 
Ixmrs*  lime.  There  was  certainly  no  clun^e  in  a  few  minnte*.  This  question 
wonlH  perhaps  have  been  settled  at  the  eclipM  of  llWd,  pec.  22. 1inil  the  ol^erva- 
tkxiB  not  failed  in  Africa  on  account  of  clntiriy  weather. 

Inlhe  prewiil  n-lijffe  all  the  piirtir-*  sm-uI  to  secure  photograph*  of  the  corona 
w*t«  wry  •aecc*»fwl.  and  the  stations  Chifc.  Broril  and  Alrtcfl  were  fat  enouch 
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■part  ia  poiDC  of  uctuiit  time  uT  lotality  to  set  tie  tliitt  (|uialion  pretty  <Ielinitrly— 
ot  Irnst  BO  Car  ns  niiv  considrnihlc  chcrncr  was  eoncrmcd— and  the  i{ueslioa  hzs 
ill  all  proFuiliility  been  setlicd  ileAnitely  and  in  the  negative,  Ao  lar  a*  to  change  in 
a  few  liuui «. 

TIk  tirjjntivai  nf  the  Braaiiiuii  and  Arncan  expeditiauM  are  in  tlw  itiuidii  of 
Mr.  W-  H.  Weslcv.  iJw  wvrctnry  of  tlw  Hov"I  AstrunumivaV  tSvciety,  lor  compori- 
auR. 

.\rr,  Wcjitey'i  itreTimiK  rxt>erieii«  in  sueli  work  vtiupled  with  ha  ^nnt  iiruiit 
Kkill.  ninkcs  him  tiiiin^iitly  qiuilificil  to  i-oiultHt  siwb  an  invmi^ialion.  Wry  for 
tiiioicly,  throiiftt)  tlircnurte«y  of  I'roFcxMir  W-  H.  INckeriiii!.  Mr.  Wmlry  Ituft  nil 
the  (ipiHirt unity  to  compnrc  with  tllCRC  lire  ori}f)|iAl  itc^Mtivea  of  tlic  H.-trirai 
party  in  Chile,  wiiith  f^vrs  ii  still  gn-ntcr  time  in(er«jl- 

Tiioiijfh  it  will  re(|iiifc  more  tinic  than  Mr.  Wnlcy  lins  yet  been  able  u>  tfi\ 
to  the  subject  to  aettie  dcrtiiitcly  the  <)ijesiiuii  ul  ebaitge  in  ibeve  t)liotuKrupb8,  bia 
cnmporiftnns  have  alrcndy  been  of  the  trreatest  mleirst  ns  tber  prure  that  no 
KTCAt  itian^je  inn  hi>vc  titken  pinec. 

From  tile  extreme  inteicst  attached  to  this  very  importatii  tiuestioti,  it  will 
|M.Tlta|is  be  nil  exvu»ul>le  .'icL  to  (juoie  from  u  reLxiil  letter  of  Mr.  Wci>le>'*s  in  aa- 
»wer  tu  a  <]ae9tion  ns  to  whether  his  investiKations  showed  any  ehaiiKe  amotii; 
the  phologTAphs.  pTYjm  ftiteriotisillnesff  in  htA  fnniily.  Mr.  Wc«ley  \\i\A  not  l>er» 
able  to  give  as  mueh  time  to  tiK  work  as  lie  hnd  wished. 

"  So  fHr  a«  I  have  gone  "  he  write*,  "  1  nm  by  no  mean*  sure  if  thcrr  boa  been 
»oy  change  in  the  corona,    [f  there  is  any  it  is  cxtreately  sHghL." 

Al  6tBt  there  teemed  to  lie  some  chMiijueK  but  it«  nil  the  pItotoKraplis  did  not 
verify  this  they  were  supposed  to  be  phoiujjrapbic  ciTects. 

Mr.  Wesley  itaya  further :— 

"The  eliutinutioii  «i{  appannl  diftercneea  (of  a  photoifraphic  nataret  will.  I 
•e«,  be  a  rer}'  ditRcuU  tnnk.  ;ind  until  I  h»ve  mnde  much  mnre  oiirrnl  stnilr  of  Ihe 
Hrazil  and  AlricHn  |ihutoi;raphs,  t  ntn  not  in  i>  )>o»it<on  to  )<pr(ik  p'isitivejy  with 
regard  to  ren/ clmnj^t^  in  thecoruiin.     They  cnn,  however,  only  Ik  eery  slight*" 

The  more  HrUiilcd  invcstiptitifin  nf  thenc  vnltiahlr  photo^ntphs  by  Mr.  Wes- 
ley will  be  wuicheO  lor  with  the  ureuiesl  interest- 

ThQti;;h  nocertnin  chnngrs  hnve  «o  lor  Itrrn  nhown  in  the  eoronii.  connder- 
able  rhnnges,  os  would  l»r  i- xii«.'i-tcd,  were  noticeable  in  the  jimminenre*  m  x.\tc 
ncgiUives  (rom  the  dilFcrcni  Mations. 

The  lusi  ncgutivt  i>l  Mr.  Tiiylur'«  list  shnwa  "Snllry's  Bro(l»"  *rry  beauti- 
fully where  the  Sim  is  just  emcrjtinK. 


The  Motion  ol  6i  Cygni.— The  Sittiin/i»tiericbir  i>)  ihe  Ilerliu  Ac.-»ileitiy  of  Oct, 
:!6,  contnins  the  iituiouiiecinent  by  t>r.  J.  Wilsin]:  of  an  ubKi-ved  vuilnlion  of 
short  period  in  Ihc  diBl;incc  nf  the  rom|H*tieniff  a(  61  Cy^i.  A  seriM  of-pllolo- 
cmphic  phiti:*  lor  the  ilcterminntion  ol  llic  fuirnllnx  of  (Ins  sl«r  wji*  Iicx""  n* 
I'oisitnm  in  ili<:  aoiuitin  of  IKl>i>.  Iii  the  e<Mi>«c  iif  the-  rcdiictiiiu  ul  thcNC  meitxun 
it  will'  found  that  cerlitiii  iIiM.-oii1iii)crd  existed  between  the  jinrnllnxcK  derive 
from  difl'rrent  cr>tii|)iiri»iii  Hinrs.  Tliv^c  diecunbinceit  (Totild  not  be  accounted  lor 
on  tbr  Kriiniid  ot  irrron  uf  <ibscT\jition».  not  did  the  meattam  ofthe  Liiit))mriMin 
Mars  iheniiwivi-s  »how  evident-col  ndifieicncc  Wiivecn  tlieirown  resjiective  pural- 
l(ixei>.  Ilr,  \Vikin.i;  wfis  therriore  led  to  sneipivl  the  presence  of  oni'  or  more  un- 
knuwn  IiodH-it  in  thcMyatcin.  mid  t>>  iiivrsli^'alc  liy  oliM.-t viiliun  iIk  cllcet  upof 
the  ili!>tam-e  hetwcini  the  two  vi^iblr  uiimfumnts.  (Mcni  c.ie  vvto>  luken  t< 
eliminate  irrim  the  rranllsall  ?"■■■■--  -I '— ror  known  to  nffccl  pliiHn);ri(jihii-  oli-«ci-^ 
\nti(ii)s.  .-ijut  tin-  rcdiH-'lujiis  ^\  p  I   out   with  all  tiivcssiiiy   pfciisiun.     Tlic 

»erie»  "f  ohserviitiowsirxtuiKlcil  '  '  ^  Ocioticr.  to  IS'j.'l.Sciilcinlier.     Tlw  dd- 

lowiii);  table  ntntniiis  the  rtsnli&ynitodiy  |^rou|ird  in  menns.  Tl»ey  haw  fill  Ikcii 
L-onctted  to  IHUI.d  lor  iiruiK-r  inuLiun  by  nsstimiii)*  thnt  lite  voiilinui>u»>  yeitrU 
increase  of  the  difttQner  is  <)''.1b. 
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w r»-t_        Observed     „ ,,  it^„.     Reduced      Diff,  from         No.  of 

Mean  Date-       ^^^^^^^    Prob.  Error,  oj^t^^^  ^^^^     p|„^^^    ^^^^ 

"  "                        "  iion*. 

1890  Oct.  18 20.97               ±  0.042  20.99  +  0.041  2  4 

Nov.    5 20,89  -o^  20.91  —  .039  I  2 

Dec.  17 20.9s  -ofto  20.95  -f  -001  I  2 

1891  Feb.    4 ao.99  .060  20.98  -|-  ,031  I  2 

May  13 20.9s  -034  20.91  —  .039  6  13 

June   14 20.82  .032  20.77  —  .179  4  8 

Aug.  25 ai.08  .017  21.02  4-*  07'  '2  24 

Sept.   17 21.05  -O'?  20.98  -j-  .031  12  24 

Oct.  13 21.14  -019  21.06  -|-  ■"'  10  '9 

Nov.  11 21.17  .022  21.08  4-  .131  8  16 

Dec.  17 21.20  .021  21.10  4-  .'Si  9  '7 

1S92     Jan.  15 21.14  -023  21.04  +    -091  2  14 

May  16 21.08  .022  20.94  ~    -009  5  15 

June   15 21.11  .026  20.96  +     on  4  n 

'893    Jan-  '3 21.14  •o>4  -         20.94  —    -oog  6  40 

Mch.  24 21.01  .019  20.79  —     159  3  '9 

Apr,  15 ai.oi  .017  20.78  —    .169  3  24 

May  14 21.10  .015  20.86    .        —    .089  4  34 

Jane   11 21.14  ■o'6  20.90  —    .049  4  32 

July  18 21.22  .017  20.97  -f-    .021  3  24 

Aug.  15 21.22  .017  _  20.96  -|-    .011  3  25 

Sept.  8 21.25  -020         '  ao.98  -|-    -03'  2  18 

A  comparison  of  the  fifth  column  of  the  above  table  with  the  third  flhows  that 
tbe  systematic  differences  are  tio  targe  in  comparison  with  their  probable  errors 
to  be  taken  as  the  result  of  errors  o(  observation.  Dr.  WilsJng  cives  also  a 
}(raphical  representation  of  the  observations  by  means  of  a  curve.  He  concludes 
finally  that  the  distance  of  the  two  visible  components  of  61  Cygni  is  subject  to 
a.  fluctuation  as  great  as  0",3,  and  having  a  period  not  far  from  22  months. 
Systems  of  this  kind,  he  thinks,  offer  a  connecting  link  between  the  spectroscopic 
and  \isual  binary  systems.  M.  j. 

Observatorr  at  Manila,  Pbilippioe  Islands.— It  may  be  of  interest  to  you  and 
your  readers  to  learn  that  the  telescope  which  has  Ijeen  building  for  our  Observa- 
atory  at  Manila  has  been  completed  and  is  now  on  its  way  to  the  Philippine 
Islands.  A  cut  is  now  being  made  of  this  instrument  which  will  lie  forwarded  to 
you,  as  I  believe  it  will  be  of  interest  to  your  renders,  as  the  latitude  of  our  Ob- 
servatory i.s  only  1+"  22'  north. 

The  objective  oC  this  telescope  is  by  Merz  of  Munich  and  is  of  the  same  size  as 
the  one  in  Strassburg  and  the  one  Schiaparelli  is  using  at  Milan,  having  an  aper- 
ture of  a  little  more  than  18  Paris  iiiches,  being  nearly  20  inches  Enghsh. 

The  instrument  is  very  rigidly  built,  although  mere  weight  was  not  the 
object  sought  alter.  The  telescope  tube  weighs  about  one  ton  and  about  5,000 
pounds  are  being  moved  when  the  instrument  is  turned  in  K.  A.  It  can  be  set  in 
L>eclination  and  R.  A.  from  the  floor  by  means  of  two  handwhcels  and  findine 
circles,  the  hour  circle  being  driven  by  a  sidereal  clock  in  onlcr  to  be  able  to  set  di- 
rectly to  right  ascensions. 

The  force  necessary  to  move  the  telescope  by  means  of  the  hand  wheels  is 
about  +  pounds  on  a  rndins  of  1+  inches.  The  motions  are  also  communicated 
to  the  eye-end  and  it  takes  only  a  force  of  about  2  ounces  to  clamp  and  move  the 
telescope  either  in  R.  A.  or  lleclination.  The  fine  hour  circle  tan  ))e  read  from 
the  floor  and  the  declination  circle  from  the  eye-end  of  the  telescope.  This  eye- 
end  is  so  arranged  that  the  spectrograph  and  jihotographic  apparatus  can  readily 
be  attached  ;  its  construction  is  clearly  shown  in  the  cut. 

The  driving  clock  runs  for  over  four  hours  with  cnic  winrtiiig  and  is  provided 
with  electric  control.  The  illnininnlion  is  by  means  of  incandescent  lamps  and  in 
addition,  there  is  a  self-adjusting  oil  lamp. 

In  design,  execution  and  es])ctially  cost  it  compares  most  favorably  with 
large  telescopes  of  recent  manufacture  and  it  was  finished  in  the  short  contract 
time  of  10  months. 

During  the  time  it  was  mounted  it  was  examined  by  the  iistronomers  of  the 
Naval  Observatory,  bv  those  of  Oeorgetown  College  and  the  Catholic  University 
as  well  as  by  manj'  scientists,  all  of  whom  expressed  their  admiration  for  the  in- 
strument. 


ticwa  and  Xotcs. 


87 


It  WU9  tlrsifinrrl  utiil  liullt.  a*  writ  n»  ttir  ntbrr  in«tnimatt«  for  tbe  Mntilln 
Otwconif'rv.  nlrrniJj-  iturntinnwl  in  a  former  numlier  of  this  jaiimal,  by  Oo,  S- 
SariemiilkT.  WiUtbia^'Qi*'  ^-  ^> 

T  liopi:  soon  tu  In;  Alilc  to  girc  70U  more  new!  of  thia  uMtrntDt-nL. 

fVoruciown  CallcRr.  flcoi^rtown,  D.  C,  job*  AUiirfi,  s.  j., 

Snv.  25.  1B93.  ^  

Auxilli«ry  QuxntltiM  for  Com^uttnK  Preccuion, — Thr  fnlkiwiiiK  Lnbks  iiikeii 
(,-..;    t  .,^, ,„;„., ...h-  "...."t-i./ir^ii   \,i   3107.  will  Ik;  fonml  vcr.v  unci  til  iu  ri'iludn;; 

•I   tlu- stnr  citinlogiicn  incnnunon  iiM  la  18M 
■l)Tl>r.  If.  KrrtiUof  Kiel,  ricrninnr. 

Atiniflmry  QuaatUita  fcr  Computing  Prenssioa  According  to  Sirarr  J&r  Sererat 

Comtaon  Spacha: 
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Tti«  Cblugo  Acidcniy  of  Sci«nc««— SectlDn  of  HatHematice  and  Astronomy.    Dec 
Ih,— I'rofewior  U    \V,  IIoiikIi,  pn-jiflrin  in  the  chair,  aitn   i'<iu(iii<r  '■nsinr*^  lind 
rn  Imip!- ■"•■'   ''c  chiiir  inlroducid  Professor  ,\ll>crl  A.  .\Iicli«lM)ii  m' ihc  I'oi- 
it_T  ol  ivho  rend  tiic  iwntcr  nl  the  cvtiiin^  011  hi^  "Uetcriflination  of 

rlW  \^-\'^i'-'  -■  iindjifd  Mctci'  in  TerniB  of  the  W.Tvt  L.ciijjih  of  the  Light  of 

I  'tiLly  made  in  Fr.incc  under  thcaus|iicetinf  tbelntcmaUonal  Coal- 

ite nml  Measures. 
i'lo^iM'i  .Mii.hrlsf»i  i;nrc  a  r&uin^  of  the  efforts  bitfaerto  made  to  find  nn  abso- 
tatc  (ir  naltind  ^IJln<1i1^{|  of  length,  sitcb  aa  t-njrjmv  V^^  °^  ^  quadrnnt  of  lite 
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Eanh'B  Mcndian.niiH  clir  length  of  a  pcndulam  Tihratiii?  in  arrottds.anrtfioitittn;^ 
rjvl  '.hi-  I'l^tHical  liilKcultioi  whitli  had  rviulctrd  llie*.-  tlTdrla  futile,  He  Otcn  rli*. 
•  '  '    lii»lory  of  tlic  stuDihtrd  which  I'h-  i<1  »ou>;ht  toljasc  upon  the 

\  h  of  lif^^tit  as  the  unit,  nnd  proccvii.  ^in  ni'counr  of  hi-->  own  rt- 

JK  .1-1. '■'.•■  iiy  tiicitils  III  Itic  rcfr.ittiinicl<-r.  i'iio  (niit;rtc  iitnlruinctit  oui'ldirs  a 
mturii  <n"ii:!il!!iii  tin-  iiuuilH:r  uf  !i;:Lit  waves  in  a  jjiwn  muuII  niiti  uf  Icnucli.  The 
s;-  '■■  ->-i  'i-'  'V'l- riments  on  the  spccira  of  different  tlimcnts  lind  fthi>wn 
^iiiti  WAS  line  of  tl>c  <<li.'ir|K-«t  null  \>eM  Itttrd  Itir  mu|i|iI^- 
i"-  I  lteiic«  tlic  cndniinm  line  had  \)wn  udypivd  in  the  cRncri- 

ucuiA  on  tlic  iciii:ili  oi  Uic  meter.     I'rotes^ir  Miebelson  then  prnee^dcd  to  given 
ftuW  ex|M>f.i[ion  otih<'  theory  o|  tlif  Pr'-'nct-'itMer  ;iiid  to  «liow  in  estrctne  accn* 
icy.     He  t;ave  ati  I  •  .Is  vnijilovcd  in  aii      ~ 

ritAininc  the  kn;.'th  01  Kion^  taken  to  inouf 

t'       '        '      -  L  dciJTre  III  1 11 1-1  I  -lull .      I  :r   -iin  i   ijr'i  \V(  ii  h   u  ■  hup;   -m'  >ii  lie  ]iiii>l-  '       '   ' 

1  <iiid  niitctiii  in  I'nhs:  tiut  :ik  it   li»(|  nut    vet    it[)|>aired,   lie   -'  i 

n :.    the  preliminno; . ruults  uf  tvro  complete  and  independent  sti...  .-i «- 

iirii,  which  ga« 

1053169 A 
1653101 A 
fnr  the  tcn^h  ofthr  stnndard  meter.    The<w  result*  were  received  by  tncnilKn  of 
il  mmv  with  ).'reutCHtliasi:>vini,  and  ihcdistinguislttd  j)livsict8t  whb  wnmtly 

1.  tc<l  on  liis  splendid  achievement.    On  motion  of  the  rceurdcr  a  vote  of 

(Il  nil.  h  \i.  .m  nn;ininionii]v  tendered  the  »i>rflker  (or  his  intrrtsting  paper. 

In  tile  diM.'tii^ston  whith  lolloweiJ  Jiidiic  Hwdl.  I'roK-ssyr  tluii)ni>  l*r,  Crew,  Pro- 
fessor Iturnham.Ur,  I.ovcc.  and  several  other  gentlemen  took  part.  In  cuiieluvion. 
I'rolcsBor  Mich<-I»"n  exhibit rd  n  krfrnctonictcr  .ind  piivc  iIm-  membem  of  llieAend^ 
ctUT  un  uiipurtunitj-  to  observe  wjme  iutemttug  inicrfcrenee  plicnumena. 

T.  j.  J-  Sek.  Recorder. 

Hew  York  Academy  of  Scleonft.  Section  of  Astrnnomy  ond  fhynies.  Minutes 
of  t  lie  nn-etnijj  [Iccemlwr  IS,  IKltM,— The  mcelinj^  wn»  called  to  order  at  H  :15  p. 
If.,  witfa  Profeseor  Kee»  ia  the  ctiuit.  The  minutes  of  tbc  prrrioue  meeting  irere 
read  and  approved. 

Mr.  Iliirold  Jacohy  pre*enled  the  following  report  on  the  meetnig  of  the 
National  Aeadciiiy  of  Seicnces: 

The  National  Acadtmy  of  Scicticcn  met  in  the  Cnpitol  nt  Alhony.  NoTembrr 
7-9.  The  i>«|)er»  prest-nttf!  ineludcit  one  hy  Dr.  S.  C.  Chandler,  entitled  "Addi- 
livnnl  KcPenrches  on  the  Motion  of  tlie  Karih's  Pole."  Or.  Cliandler  Gnde  thnt 
the  most  recent  n1>Her  vat  ions  olitninnbk'  (same  still  tin  published)  confirm  llic 
doubly  i^eriudii-  Utw  deduieil  liy  biin.  He  nbowed  that  tlic  two  »c|»arate  motions 
of  the  pole  bvib  take  ptii«  from  we»t  to  ea»t-  I>r.  Chandler's  paper  waa  die- 
cuued  by  Profirswnt  Hall.  Xcweomb  and  Rottti.  Tbcy  all  cxjircsucd  them^elTes  as 
row  fftTOrine  (he  troth  of  Dr.  Chandler's  law  of  tarintion*.  Profc»»i)r  C.  S- 
Hartinij-x  rend  a  paper  on  "A  new  form  of  telescopic  objeetire.  as  a|rpticd  lo  llie 
twelve-inch  nitintorial  of  tlic  Dudley  Ohwrratory."  The  imncipul  choraeteriKtics 
of  thit  inKlriimeiil  arc:  first,  llmt  one  of  the  "sho.^its"  is  mode  to  euinddc  with 
the  fuad  plane,  thnR  renderin>:  it  harmless;  and  second,  that  the  iransformntjon 
from  a  vi«ii<d  to  n  |)hot<>^ra|)bic  telescope  is  accomplished  by  sulMtitiitinx  a  »ec- 
oml  );la«s  fur  one  of  the  tenscK  of  the  visual  combination,  instead  of  uddintj  n 
third  k-ns.  Profcjijior  A^itph  Hall  read  a  sborl  paper  on  "  Double  Sinr»."  I'tv- 
feMor  Charles  I..  Doolittle  (introduced  by  Profesaor  Boss)  eommmiieaied  a  paper, 
"Latitude  Dctenninatioiis  at  tlie  Sayre  Olwcrvalory,"  but  wa»  unable  to  be  preu- 
enl  in  i»eTWm. 

Iltirin;!  1  lie  nftemorm  of  Noremtter  H,  the  tnemliers  of  the  Academy  visited  the 
new  Dndlev  (H>»crv;itorT  by  invitation.     Tlie  completed  Observatory  Wd«  opened 
for  ins[>eeliun,  und  fui  uddrcs!^  was  made  by  Prolessor  Simon  Ncwcoinb. 
Mr   Harold  Jacoby  also  read: 

"Sftmcieccnt  paperson  the  reduction  of  astronomical  photographs."  This 
paper  will  bccontrihuted  to  the  Astronomical  Journal. 

Prof^»or  Hces  made  some  remarks  on  the  photographic  chart  of  the  Itntvens. 

Mr.  Post  extiibitctl  a  number  of  plates  of  the  Pleiades  am]  fi  Cyjjni  which  be 

hod  made  at  hi8  0l)sei'vatorv  at  Itnysort.  L.  1.     He  intended  to  meitsnrc  ihcve 

plates,  in  order  toeompiirc  tlidr  accnrocy  with  that  attained  by  Ruthcrlurd  and 

otbcraxtrononicni.  Uabold  Jiconv, 
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General  Astronomy. 


ON   THE   PHYSICAL   CONSTITUTION    OF  THE   PLANET  JUPITER.* 

G.  W.  HOUGH. 


The  planet  Jupiter  was  one  of  the  first  objects  to  which  the 
telescope  of  Galileo  was  directed,  and  the  satellites  of  the  planet 
were  among  the  earliest  discoveries  made  with  that  instrument. 
In  1630,  the  telescope  had  been  constructed  of  sufficient  power  to  . 
show  the  great  equatorial  belt,  and  previous  to  the  beginning  of 
the  18th  century,  the  principal  phenomena  seen  on  the  surface  of 
Jupiter  had  been  observed  and  the  time  of  rotation  and  the  posi- 
tion of  the  axis  of  the  planet  ascertained.  Notwithstanding, 
however,  the  great  mass  of  facts  which  have  been  collected  from 
observations  extending  over  a  period  of  two  hundred  and  fifty 
years,  yet,  up  to  the  present  time  no  theory  of  the  physical  condi- 
tion of  the  surface  has  been  advanced  which  has  met  with  univer- 
sal acceptance. 

It  is  not  our  purpose  to  describe  in  minute  detail  Jovian  phe- 
nomena, but  simply  to  call  attention  to  a  few  points  which  have 
a  direct  bearing  on  the  topic  under  consideration. 

In  order  lliat  the  subject  may  be  more  clearly  understood,  it 
will  be  well  to  state  briefly  the  salient  fciitures  presented  to  the 
eye  of  the  observer.  Tlie  disk  of  Jupiter  appears  as  an  ellipse, 
having  axes  in  the  ratio  ot  14  to  15 ;  the  longer  axis  lying  in  the 
direction  of  the  planet's  equator.  The  equatorial  diameter  is 
about  89,000  miles,  and  1"  of  arc,  seen  from  the  Karth  at  mean 
distance,  represents  2,300  miles.  The  mean  density  of  the  planet 
is  1,37  times  that  of  water,  and  hence  the  surface  density  is  pro- 
bably less  than  that  of  any  known  liciuid.  As  the  equator  of  the 
planet  is  inclined  only  three  degrees  to  the  orbit,  the  effect  of  the 
Sun  will  be  nearly  constant  through  the  Jovian  year,  and  phe- 
nomena due  to  meteorological  conditions  should  have  great  per- 
manency.   During  the  revolution  of  the  planet  in  its  orbit,  the 

•  Paper  read  before  tin:   Congress  ot"  Astronomy  ami  Astm-PlivsicH   held   in 
Chicago.  August,  1S93. 
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cqnator  assren  from  the  Kartli,  is  displaced  about  fotir  decrees, 
or  X"  of  arc.  The  olyccts,  tliercforc,  seen  near  the  center  of  the 
disk,  may  apparently  he  shifted  in  latitude  plus  or  minus  1"  of 
arc,  while  objects  in  hij^her  hititude  will  he  displaced  a  lesa 
amount  from  the  same  cause.  As  the  observer  is  looking  on  the 
surface  of  a  sphere,  objects  will  only  be  seen  lu  normal  pro- 
portions when  on  the  middle  of  the  disk.  At  the  edge  of  the  disk 
they  will  be  infinitely  small.  The  rotation  of  the  planet,  there- 
fore, will  cause  all  objects  to  change  their  size  and  shai>e  as  they 
are  brought  under  the  eye  of  the  obser\'er.  Since  the  apparent 
rotation  of  the  surface  is  most  rapid  at  the  ecjuator  and  zero  at 
the  poles,  objects  passing  across  the  disk  will  appear  to  move 
•with  different  linear  velocities,  so  that  spots  or  markings,  U'tng  in 
different  latitudes, may  apparently  change  their  relative  positions 
under  the  eye  of  the  astronomer;  a  fact  which  is  sometimes  lost 
sight  of  by  modem  obser\-ers. 

There  are  two  principal  periods  of  rotation,  determined  by  the 
observation  of  spots  and  markings,  which  in  round  numbers  are 
9'  Sfi'"  and  Q"*  50'". 

If  the  longer  period  is  assumed  as  the  approximate  time  of  the 
rotation  of  the  planet,  the  proper  motion  of  the  objects  conform- 
ing to  the  shorter  period  is  about  250  miles  per  hour  at  the  equa- 
tor, or  a  complete  revolution  in  -I-d  days,  Neither  of  the  periods 
given  arc  absolutely  fixed,  but  the  observed  motion  of  markings 
approximately  conforms  to  the  one  or  the  other.  The  rotation 
period  apjK'ars  to  be  independent  of  the  latitude  of  the  object 
observed. 

The  most  conspicuous  marking  on  the  disk  is  the  great  equa- 
torialJicU,  which  has  tKcti  visible  since  the  earliest  observatioDB 
vi-itli  the  telcscoiH.*.  The  rotation  jwriod  from  observations  of  the 
belt,  is  9'' 50".  The  belt  changes  in  sisM^  and  position,  expanding 
or  contracting  in  width.  On  cither  side  of  the  equator  there  are 
other  belts  which  are  not  so  distinct,  but  all  arc  arranged  ap- 
proximately parallel  to  the  equator  of  the  planet.  Dark  spots 
or  murkings  are  frefpicntly  seen  on  these  belts.  These  strata 
nsnally  have  a  drift  in  longitude  relative  to  each  other.  The 
spots  are  sometimes  seen  without  material  change  in  size  or 
shape  during  two  or  more  oppositions  of  the  planet. 

In  latitude  8"  to  12"  south,  oval  white  spots  have  licen  ob- 
served by  myself  at  every  opposition  since  1879.  Similar  objects 
have  been  delineated  by  earlier  observers.  These  spots  are  usa- 
fllly  from  1"  to  1.5"  of  arc  in  diameter;  they  have  motion  among 
themselves  in  longitude  and  possibly  in  latitude. 


Now,  although  wc  unly  Mcobjccte  tn  twu  dtmensiorw,  it  is  rea- 
sonable to  suppose  from  their  shape  that  they  hnve  a  depth 
couinicnstirate  with  th<^ir  vurfncir  ciiiiicnsi()ii5,  in  which  c»s<.'.  these 
ovnl  s]>uts  may  extend  duwnwortls  tuwards  the  center  of  the 
phiiiet  ut  leuMt  3,000  mJIcH.  Since  thcue  oval  spots  are  free  to 
move  with  rderencc  to  each  other,  it  indicates  thnt  the  inrdinm 
in  which  they  arc  lucated,  boa  a  depth  at  least  equal  to  the  diacn- 
ctcr  o<  the  object. 

The  most  conspicuuu!!  isolated  matt;;  of  dark  mutter,  is  (he 
[rent  red  spot,  south  of  the  equator,  which  has  elicited  so  much 

iLercst  since  1878.  It  appears  probable  that  this  object  was  ob- 
/Ctl  by  Ciissiiii  ill  Itiiifj,  and  also  by  moilem  observers  previ- 
^owi  to  1H7H,  Between  ltiG5  and  1713  the  ancient  spot  reap- 
peared and  vanished  nine  times  and  at  no  period  was  it  vtaible 
for  iriore  than  three  years.  The  spot  is  elliptical  tn  outlitie,  hav- 
ing a  length  ol  about  HO.OUU  miles  and  a  breadth  of  8,U0U  miles. 

The  determination  of  the  period  of  rotation  of  the  planet,  in 
lft79  and  8ubsec(uent  years,  from  its  observation,  indicates  that 
the  spot  is  aoc  stationary  hut  has  a  slow  drift  iu  longitude. 
There  has  also  beeti  a  slight  shifting  in  latitude.  Now,  if  the 
fdepth  of  the  spot  is  assumed  etjual  to  its  breadth,  it  would  indt- 
rcate  that  the  medium  in  which  it  floats  extends  downwards  at 
least  H.OOO  miles.  The  great  change  in  the  color  and  visibility  uf 
the  spot  during:  the  pnst  fourteen  years,  would  be  explained  by 
its  greater  or  less  submergence  beneaLli  the  surface. 

Granting,  therefore,  Uic  reasonable  assumption  that  the  oval, 

:arly  round  detached  objects,  are  not  simply  suiierficial  in  their 
limensions.  we  must  conclude  that  the  medium  in  which  they  are 

icatcd  has  a  depth  measured  by  thousands  of  miles. 

The  satellite*,  of  Jupiter  also  ofi'er  phenomena  which  have  a 
direct  hearing  on  the  subject.  The  satellites  at  tinicH  eroHs  all 
part .«t  (if  the  di^k  in  transit.  Usually  the  satellite  disappears  at 
oine  diBiatice  from  the  Hmb  after  ingress  and  reiippcjirs  at  a  aim- 
f'llttr  distance  belbre  egress.  From  this  fact  it  is  concluded  that 
the  center  of  the  disk  of  Jupiter  has  the  same  relleeting  power  as 
llie  satellite,  and  hence  has  no  inliercnt  light  (jf  its  own. 

iMtii  year  it  o.-curreil  to  nie  to  ascertain  dehnitely  at  what  dis- 
tance from  tlie  timb  of  the  planet  the  satellite  would  di8t-ip[)e;Lr 
wbcn  projected  on  the  disk  in  transit.  From  numerous  uiicroinct- 
rical  measures,  I  ascertained  that  a  satellite  cuutd  be  followed 
with  the  18V4-inch  refractor  to  a  distance  of  10"  of  arc  from  the 
Umh.  When  the  transit,  however,  occurred  within  10"  o(  the 
wV,  ^T  nnd  4-  sat.J  the  satellite  could  be  seen  during  the  entire 


transit  across  the  disk.  Now,  if  the  diminution  of  hght  nt  th«- 
limhs  of  the  planet  is  due  t<'  atmospheric  absor|)tion,  it  \vouId 
socm  to  indicate  an  enormous  atmosphere,  one  of  alioiit  20,000 
miles  in  depth.  But  from  the  well  defined  outlines  of  the  limbs  of 
the  planet,  most  astronomers  have  ct)nc1uded  that  the  tnic  at- 
mosphere can  have  no  great  depth  as  compared  with  the  diume- 
tcr  of  the  planet. 

From  what  has  already  been  said  regarding?  the  probable  maj^- 
nil  ude  of  objects  and  their  freedom  wterse,ii  seems  to  nic  that 
all  the  phenomena  observed  can  l>e  licst  accounted  for  by  assum- 
ing that  the  planet  is  yet  in  a  gaseous  condition. 

Recapitulation : 

The  aixnnicnts  leading  to  the  conclusion   that   the  planet  i« 

iscous,  are  two : 

1st.  The  probable  volume  of  the  spots  both  white  ond  dark, 
seen  on  the  disk  and  their  freedom  of  motion  inter  se. 

2d.  The  gradual  fading  of  the  light  of  the  satellite  when  pro- 
jected  on  the  disk  in  transit. 


LIQHT-WAVES  AND  THEIR  APPLICATION  TO  METROLOOY. 
K.  A.  UlCHFtLHOK. 

Every  accurate  measurement  of  a  physical  (juantity  depends  ul- 
timately upon  a  measurement  of  length  or  of  angle;  and  it  will 
readily  be  admitted  that  no  effort  should  l>e  s]Mired  Co  make  it 
possible  to  attain  the  utmost  limit  of  precision  in  these  funda- 
mental quantities.  At  present,  lengths  are  measurci!  by  the 
microscope,  nnd  angles  by  the  telescope;  and  the  extraordinnry 
degree  of  accuracy  already  attained  by  the  use  of  tlie«e  instru.* 
nients  depends  entirely  on  the  properties  of  their  optical  parts  in 
their  relation  to  light-waves;  so  that,  iii  fact,  tight-waves  are 
now  the  most  convenient  and  universally  employed  means  we 
possess  for  making  accurate  measurements.  It  can  readily  l»e 
shown  that  this  higli  degree  of  accuracy  is  especially  due  tr.  the, 
extreme  minuteness  of  these  waves. 

Thus  it  is  well  known  that  the  image  of  u  luminous  point  con- 
sists of  a  series  of  concentric  colored  rings  surrounding  a  bright 
central  disc  which  is  smaller  the  sraaller  the  ratio  of  the  wave- 
length of  the  light  to  the  diameter  of  the  objective  employed.  In 
fact,  it  can  be  shown  Chat  the  radius  of  the  bright  centrnl  disc, 

-  Prom  Natarv.  Nor.  16. 18»3. 


contains  bs  ninny  wave-lf  iigths  as  the  distanit-  of  the  iniii!;e  from 
the  ubjoctivc  contains  the  diameter  of  the  objective.    Thus  in  a 
tclciicopc  twenty  diameters  long,  the  diameterof  the  bright  disc  is 
forty  \viuc-lcn){tbs  or  0,02  mm.    If  the  image  be  magnified  by  in- 
creasing itji  distance  from  the  objective,  or  otherwise,  these  diC- 
frnction  rings  arc  magnified  in  the  same  proportion;  so  that 
nothing  iii  gainol  thereby  in  fHstiitctness.  beyond  the  point  where 
the  rings  arc  just  large  enough  to  be  visible.    But,  were  it  not  for 
the  inevitable  loss  of  light,  it  would  be  advantageous  for  meas- 
urvmeats  of  position  to  increase  the  magnification  much  further. 
This  can  be  accomplished  by  an  extremely   useful   instrument 
which  lias  been  misnamed  the  "interferential  rcfractometcr."    It 
will  be  interesting  to  note  tliat   notwithstanding  the  apparent 
diflcrmcc  in  form,  this  apparatus,  when  used  as  a  measuring  in- 
strument, differs  in  no  essential  particular  from  the  microscope  or 
the  tclcscoiM:.  or  (what  is  jicrhaps  a  trifle  nnex|>ccted)  the  spec- 
troscope; iind  it  is  possible  to  change  any  one  of  these  instm- 
mcnts  into  the  other  by  unimportant  modificaiions. 


Thus.  Irt  o.  Fig.  1,  be  a  source  of  light,  s  b  a  lens  which  forms 
.Tn  image  of  o  at  o'.  The  oiK-ration  of  the  tens,  when  used  to  dis- 
tinguish  minute  objects,  dependfi  uikju  the  accuracy  with  which 
all  its  (Mirts  contribute  to  make  the  elementary  waves  reacU  the 
tocusin  the  same  phase  of  vibration;  but  to  determine  the  posi- 
tion of  o  with  respect  to  n  b,  this  is  not  at  all  necessary ;  and  in 
fact,  if  we  disregard  the  possible  inconvenience  due  to  the  dissimi- 
larity t)ctvvccii  the  phenomenon  observed  and  the  object  whose 
position  is  to  he  measured,  it  would  be  as  well  tr)  entirely  nnnul 
the  central  portions  of  the  lens,  leaving  only  an  external  annular 
ring,  or  IwMter  still,  only  two  small  portions  at  opposite  ends  of 
A  (linmetcr. 

This  involve*  no  samtice  of  accuracy,  but  on  the  contrary  a 
very  cnnfiiderable  gain  ;  lor  it  is  now  possible  ti>  increase  ihe  state 
of  the  interference  fringes  np  to  any  desired  limit  without  dimin- 
ishing the  tntensily  of  the  light,  the  result  being  the  same  as 
conti)  be  obtained  with  a  perfect  microscope  of  unlimited  ma|p)i- 
fying  powxr  with  a  source  of  iinlimiu-d  ititi-tisity. 
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For  this  purpose  the  two  small  portions  to  which  the  lens  b 
reduced  are  replnced  hy  plane  tnirrors  or  prisma,  whose  office  » 
simply  to  bring  the  two  interfering  pencils  into  coincidence.  Fur- 
ther, the  pencils,  instead  of  starting  from  a  point  or  a  line,  may 
be  separated  by  a  plane  transparent  surface;  and  a  second  simi- 
lar surface  may  be  used  to  reunite  the  pencils  after  reflection. 
Thus  the  telescope  or  microscope  will  have  been  converted  into  a 
refrnc  to  meter.  The  exact  nature  of  the  analogy  will  be  apparent 
by  a  comparison  of  Figs.  1  and  2. 


It  may  be  assumed  that  under  the  most  favorable  circumstan- 
ces the  utmost  attainable  limit  of  accuracy  of  a  setting  of  the 
cross-hair  of  a  microscoire  on  a  fine  ruled  line  is  about  Va  of  a 
microti.  Now  it  is  usually  admitted  that  the  middle  point  of  an 
interference  fringe,  if  it  be  sufficiently  broad  and  clear,  can  be  de- 
termined within  aliout  ,'«  of  the  width  of  a  fringe.  In  the  refrac- 
tomcter  this  would  mean  only  ('«  of  a  light-wave,  or  about  iJ.Ol/i 
from  which  it  would  follow  that  the  refracton-.etcr  is  about  five 
times  OS  accurate  as  the  microscope.  But  a  number  of  trials 
with  the  form  of  rcfractomctcr  shown  in  Fig.  H  gave  as  ihe  mean 
error  of  a  series  of  ten  observations: 


Fr. 

MorWj  0.0056 


Ft. 
Nicliotnon  O.OO.'Vg 


Fr. 

X  0,0110 


The  third  obsencr  had  no  previous  practice  in  tins  kJnd  of 
mcaKurcment. 

It  is  evident  front  these  results  that  ^\.  of  a  fringe  is  too  birgc 
an  estimate  of  the  average  error  of  a  setting,  and  that  it  is.  in 
fact,  Ic'js  than  0.01  of  a  fringe,  currespnnditig  m  an  eiTor  in  dis- 
tance <tf  about  (1.003/i. 

For  angular  measurcnicnL   the  micruM.-u|K;  is  replaced  by  the 

telC!iC(>|H.-. 

Fig.3  reiircHmts  .'i  disposition  sumctiincs  adoptetl  fur  observing 
minute  angular  displacements  of  the  mirror  r/  c;  the  light  starts 
from  o,  is  reflected  by  the  plane  p.'irnllel  glass  plate /i  Co  the  objec- 
tive a  /;  of  a  telescope,  whence  the  now  parallel  rays  proceed  to 
the  mirror  c  d.    Thence  they  retrace  their  path  to  the  plate  p. 
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through  which  they  are  transmitted,  forming  an  image  of  the 
source  at  o',  which  is  viewed  through  the  eyeiiiece. 

Fig.  4  is  the  exact  analogue  in  the  form  of  a  refractometer;  and 
Fig.  5,  tliough  slightly  difierent  in  asjiect,  is  still  essentially  the 
same  instrument.  The  path  of  the  rays  is  o  p  h  capo'  for  one  of 
the  pencils,  and  o  p  b  d  h  p  o'  for  the  other. 

From  considerations  ([uite  analogous  to  those  employed  in  the 
former  case,  it  can  be  shown  that  the  limit  of  accuracy  attainable 
in  the  estimations  of  angles  involves  an  error  of  about  one-hfth 
of  the  angle  subtended  by  a  light  wave  at  a  distance  eiiual  to  the 
diameter  of  the  objective.  This  is  halved  by  the  fact  that  the 
angular  motion  of  the  beam  is  twice  that  of  the  mirror ;  so  tliat 
with  a  telescope  of  10  cm.  aperture  the  limit  of  accuracy  may  be 
estimated  at  .„,.}iij«u.  "i"  say  0.1".  Hut  taking  0.01  fr.  as  the 
smallest  perceptible  displacement  of  the  mirrors  cr},  the  corres- 
ponding angle  ttf  rotation  of  the  line  cd  (10  cm.  long)  would  be 
*>"b'  iouo«-u.,«.  or  say  0.01".* 

"  In  the  use  iif  the  rcvolviiij;  mirror  .'is  in  j;;ilvanoiiieters,  jiriivitv  Mini  torsi^m 
balances,  etc..  Mic  atviir.ac.v  cm  he  increased  by  enlarginK  tlie  surface  i)t  llit-  mir- 
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Fig.  6. 

It  is  not  at  first  evident  that  there  is  any  relation  between  the 
refractometer  and  the  spectroscope.  A  comparison  of  Fig.  6  and 
Fig.  7  shows,  however,  that  there  is  a  strict  analogy.  Fig.  6 
represents  a  disposition  sometimes  adopted  to  observe  the  spec- 
trum by  means  of  a  concave  grating,  and  Fig.  7,  with  unimpor- 
tant modifications,  is  the  arrangement  actually  employed  in  the 
analysis  of  radiations  b\'  means  of  their  "  visibility  cur\'es,"  as 
will  be  explained  below. 


A.  A.  Michelson. 
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The  name  "interferential  refractometer "  seems  rather  inappro- 
priate to  an  instrument  which  has  so  many  important  applica- 
tions beside  the  measurement  of  indices  of  refraction ;  but  as  it 
has  Ijeen  sanctioned  by  long  usage  it  will  be  retained. 


Fic.  8. 


Among  the  many  forms  of  the  apparatus  which  have  been  ren- 
dered classic  by  the  works  of  Arago,  Fresnel.  Fizeau,  Jamin  and 
Mascart,  and  which  arc  so  admirably  adapted  to  the  work  for 
which  they  were  designed,  there  are  none  which  are  not  open  to 
serious  objections  when  applied  to  the  solution  of  such  jiroblems 
as  the  measurement  of  lengths  and  angles,  for  the  analysis  of  the 
constitution  of  the  light  of  spectral  lines,  and  esfjccially  fur  the 
determination  of  wave-lengths  in  absolute  measure.  For  these, 
the  form  of  instrument  shown  in  Fig.  8  has  many  important  ad- 
vantages, among  which  the  following  may  be  mentioned: — It  is 
simple  in  construction,  and  is  easily  adjusted;  it  may  be  used 
with  a  broad  luminous  surface  as  source  of  light;  the  pencils  may 
be  separated  as  far  as  desired;  its  range  of  difference  of  path  be- 
tween the  interfering  pencils  is  unlimited  ;  and  when  propsrly  ad- 
justed the  position  of  the  interference  fringes  is  perfectly  definite, 
so    that  there  is  no  uncertainty  on  account  of  parallax,  and  no 


Oft         Lig ht- Waves aad  tbeir  Applkatioa  to  Metrology. 


difficalty  in  connting  the  number  of  fringes  passing  n  given  point. 
Finally,  it  may  bt  added,  that  this  is  probably  the  only  form  ol 
instrnnimt  which  permits  the  use  of  white  light  (and  coosr- 
quently  of  the  identificatton  of  the  fringes)  in  the  detenninutinii 
of  the  position  or  inclination  of  a  surface  without  risk  of  disturb- 
ance due  to  contact  or  close  approximation. 

As  shown  in  Fig.  8,  the  refractometer  consists  essentiatly  of 
plane  parallel  plate  of  optical  glass  Gi  and  two  plane  mirrors 
Ms.  The  beam  of  light  to  be  examined  falls  on  the  plate  Gi  at  an 
angle,  usually  45*',  part  being  reflected  and  part  transmitted.* 
The  rcHccted  portion  is  returned  by  the  mirror  M^,  and  passes 
back  through  the  inclined  plate.  The  transmitted  portion  is  rr- 
lumcd  by  the  mirror  M„  and  is  reflected  by  the  inclined  plate, 
and  from  tliis  point  it  coincides  with  the  other  t>eani,  so  that  the 
two  are  in  condition  to  produce  interference  fringes.! 

A  little  consideration  will  show  that  this  arrangement  is  in  all 
respects  equivalent  to  an  air-fdm  or  plate  between  two  plane  sur- 
faces. If  the  virtual  distance  between  these  surfaces  is  small, 
while  liglit  may  he  employed,  and  interference  fringes  may  be  ob- 
servcfl  similar  in  all  respects  to  those  between  two  plates  of  glos^i, 
pressed  nearly  into  contact.^ 

If,  however,  the  distance  exceeds  a  few  wave-lengths,  mono-' 
chrorantic  lighL  must  be  employed.    In  this  case  the  fringes  arc 
in  general  iuvisible,  unless  they  be  viewed  through  a  small  aper- 
ture.   II,  however,  the  two  surfaces  are  very  accurately  parall 
the  fringes  are  always  distinct,  and  it  follows  from  the  symmetry^ 
of  the  conditions  that  they  are  concentric  rings.    Their  diameters 
increase  as  the  square  root  of  the  order  of  the  ring. 

These  rings  are  not  formed  at  the  surface  of  the  mirrors  (as  vf- 
thecase  when  the  distance  between  them  is  stnall),  but  are  per- 


•  The  frniit  sarraLT  of  the  pintc  l»i  is  lightly  coated  with  »(lrrr.  ^  Flu-  light 
:•.'  ■-•*  the  rtTriU'lorii^irr  JA  n  innxhnuiii   where  tin-  ihicit iioi'  ox  ■'       "     : 

I  rlidl  tlic(i)tn)9ilic»  of  llif  irHnsiitittffl  rtinl  rcHi\l<'<J|Knli.iii-. 

1  fir  MhriiiiK  hns  iinnthcr  imiMirt.mi  mUanti'KC  in  (hmitii"'  - 
Ittieitv  '■(  the  hfjhl  rtllivted  fnnii  \\k  oihrr  Kurfiicc ;  iiml  lor  i 

tiCTs  til'  the  film  iniiy    'jc  n.i>  ■"■    ■■-..(itilv    ■iK'rruM'iI,  whti'ti   |.-    .1  1 

iinirofm  sorffiCT-.     Th*  «'"  "  m'  intctmilii-si  nf  (he  twti  |HrnaU  U  not  »\ 

ftctcd.  for  whni  is  lopt  In  . :  1  m  on  ciitenn;:  the  jihtte  ik  nincle  up  ii.v  r«fl< 

Liou  oil  Icnvhie  il. 

t  One  nf  the  hcam-  Hmk  to  pniw  twice  throtif:h  the  ihidcnnurtf  tlicftlim  plntr 
fn,  ariA  in  ortlcr  In  rt|unl1zc  the  two  pnths,  11  tiinihir  pIntc  Ut  i«  iiitroduceil  in  tbc 
tJAtli  i^r  tlir  ether  )M.-:im. 

X  \t  the  plntc  I't  he  t/ot  silvercil.  the  irolim  fotlnvt*  the  xiinie  »nier  ;(•  tliu»c  ufj 
Newtim's  rinfjs.  hm  if  the  wilvertiitf  be  ^ufFinetitly  heavy,  ihe  t.«hjni  »re  e-iruiili 
nwniaij-L  iliU,  it  tlir  |iliiti-«*M  uiid  (nireexnctle  erjual  and  pnmllrl.  (ithecwUL 
the  excctis  "I  |Mi(h  in  gl.iKx  of  one  of  the  (>cncits  di-Hliirlni  the  order  ol  ciiliirh  Iiy  tlN 
effccl  of  avhromntinn  <liic  to  the  di«|»crnon  of  the  ):luss.  as  was  fir«l  pxiitted  oal 
bw  Cornu. 


iy  «iisii(ict  when  the  eye  or  the  observing  telescope  is  focusacd 
^parallel  rays. 

In  the  preceding  comparison  between  the  refrac  to  meter  and 
Jk  telescope,  microscope,  or  siKxrtroscope,   tlie  "accuracy"   has 
cu   incrx'uscd  at  the  expense  of  "definition."    When,  however, 
ic  object  viewed  is  beyond  the  "limit  of  resolation"  of  the  in- 
trutnt-nt,  its  form  and  distribution  of  light  can  no  longer  be  in- 
rred   from  that  of  the  image.    Thus,  if  the  object  Iw  a  disc,  a 
riangle,  or  a  doable  star,  the  appearance  in  the  telescope  is  the 
Similarly  in  the  spcttroscope,  a  source  of  great  C(»mplexity 
lot  be  distinguished  from  one  which  produces  a  single  spec- 
U  line.    So  that  for  such  objects,  even  in  the  ordinary  sense  of 
^'^vortl   "definition,'/   the  more  familiar  optical  instruments 
It  claim  any  advantage  over  the  refractometer;  but  if  by 
"definition"  is  meant  not  the  actual  resemblance  of  the  image 
lu  the  object,  but  the  accuracy  with  which  the  form  or  the  dis- 
tribution of  light  in  a  minute  source  may  Iw  inferred,  then  it  can 
benhown  thai  all  the  advantage  rests  with  the  refiractortietcr. 
Ak  an  illustrnliun  of  such  an  application  of  intcritrencc  mcth- 
Is.  let  UB  consider  the  celebrated  exiKriment  of  Fizeau,  in  which 
ewlon's  rings  nre  olracrvcd  with  a  sodium  flame  as  sourve.    The 
;hi.  itxHiiiiting  of  two  separate  systems  of  r;idialiuns  flilfering 
altouc  one- thousandth  in  wnvc-lctigth,  each  system  produces 
1  own  aeries  of  interference  fringes.    When  the  surfaces  arc 
i|y  in  contact,  the  ditJ'crfnce  of  path  is  very  nearly  the  same 
itli  systems,  and  the  fringes  coiiiL-ide,  and  Llic  clearness  is  a 
Knnum.    When,  however,  the  dilTcrcncc  af  path  reaches  about 
waves   for  one  of  the  systems,  it  is  a  half  wave  more  for 
jtbcoUtcr;  and  the  mujcima  of  intensity  of  the  one  coincide  with 
!  minima  of  the  other;  hence  at  thiH  p<iint  tbc  fringes  are  faint- 
Ion.    Hut  when  the  diircrencc  of  path  of  the  tlrst  system  i»  about 
lllKH)  waves,  it  is  a  whole  wave  more  ftir  the  second,   and  tin- 
[$rgigc9  coinciding,  then-  is  again  n  maximum  of  distinct  nest;.     M 
lu  ht\s  counted  .'»2  sucli  i>criod«,  corresponding  niughly  to  u 
Tvncc  of  path  «r5o.00u  waves. 
StiI)l>one,  now,  that  this  double  line  wereso  close  tlmt  it  couli) 
nm  W  resolved  by    the  siwctro-wopi::   thiTi   from   the  evidence 
.Mraishcd   by   the  varinticms  in   distinctness  fif  the  interference 
iiDf(ca  fiB  the  difference  of  path  increases,  the  dnplicity  nf  the  line 
RHiW  be  readily  delected.    Hnt  besides  this,  it  can  I>e  shown  that 
the  relative  intcii-iiiiea  of  the  components,  their  distance  nport, 
tuiil  even  tlie  distribution  of  intensities  within  the  comijouent 
Inn  can  be  tnrerred. 
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Thus  it  has  been  shown  (PbtJnsophlcaf  Mngnxirw  for  Scptetn^ 
ber,  1892)  that  among  some  twenty  rndtations  which  were  ex-, 
amined  (though  all  give  simple  lines  in  the  upectnim)  the  greet 
majority  of  them  are  shown  to  >>e  highly  complex-  Thns,  the  red 
hydrogen  line  is  a  double  whose  components  have  the  intensity 
ratio  7  :  10,  and  whose  distance  is  about  a  fiftieth  of  the  interval 
iK'tween  the  sodium  lines.  Each  component  of  the  yellow  sodium 
Hnrs  is  itself  a  double  whose  components  are  in  the  ratio  7:1(1. 
and  whose  distance  is  about  one-hundredth  of  that  between  the 
principal  components.  Thallium  gives  a  double  line  whose  com- 
poncnts  ore  in  the  ratio  1  :  2,  at  a  distance  of  about  a  fiftieth  of 
ibat  of  the  sodium  lines,  while  each  component  has  a  small 
companion  whose  intensity  is  about  a  fifth  x>f  that  of  the  princi|ml 
lines,  al  a  distance  of  about  one  three-hundredth  of  that  of  the 
sodium  lines.  j 

The  green  mercury  Hue  is  made  up  of  a  group  of  five  or  six 
lines,  the  strongest  of  which  is  itself  double  (or  perhaps  triple) 
the  distance  of  the  components,  being  less  than  a  five-htmdredth 
part  of  that  between  the  sodium  lines. 

These  distances,  small  as  they  are,  can  be  measured  within 
about  a  twentieth  part,  so  that  by  this  means  it  is  possible  to 
detect  a  change  of  wave-length  corresponding  to  the  tcn-thoua- 
andth  part  of  that  between  the  two  sodium  lines. 

The  red  line  of  cadmium  is  the  simplest  of  nil  the  radiations 
thus  far  examined,  consisting  i>f  a  single  narrow  line  whose 
intensity  falls  oflrsymmttrically  according  to  an  exponential  law, 
its  width  (at  the  points  where  its  intensity  ts  reduced  to  half  its 
maximum  value)  being  only  0.002  (0,-1^).  The  green  and  the 
blue  cadmium  lim-s  are  also  com]jaratively  simple,  and  all  three 
of  these  lines  give  interference  fringes  clearly  visible  nt  a  difference 
of  path  of  100  mm,,  and  under  ap]>ropriatc  conditions  they  all 
satisfy  the  requisites  for  a  definite  and  iualttrable  standard  of 
length. 

The  most  important  of  these  conditions  is  that  the  radiating 
vapor  be  so  rare  that  the  molecules  may  vibrate  freely;  in  other 
words,    that   the  time  occupied  in  the  collisions  between  the^ 
molecules  Ik  so  short  relatively  to  that  of  the  free  path,  that  it» 
influence  in  disturbing  the  free  vibration  may  be  neglected.     Ex-I 
Ijerieace  shows  that  in  general  this  limit  corresponds  to  a  prcs-l 
sure  ol  one  or  two  thousandths  of  an  .itniospbere. 

It  may  be  noted  that  at  fttmospheric  pressui-e — even  when  the 
radiating  substance  is  introduced  in  r^nantity  barely  sufficient  to 
color  a  Bnnsen  flame — the  greatest  .Hfferencc  of  jwth  attainabU 
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is  only  one  or  two  centimetres,  whereas  with  mercury  vapor 
in  a  vacuum  tube  intereference  fringes  have  been  observed  with  a 
difference  of  path  of  47  centimetres,  or  about  850,000  waves. 

In  order  to  make  any  practical  use  of  these  minute  quantities 
for  standards  of  length,  it  is  necessary  to  employ  an  intermediate 
standard,  such  as  that  shown  in  Fig.  9  consisting  of  a  bronze 
bar  carrying  two  plane-parallel  glasses,  silvered  in  front,  the  dis- 
tance between  w^hich  can  be  compared  on  the  one  hand  with  the 
fundamental  standard  in  actual  use — the  metre  or  the  yard — and 
on  the  other  with  the  length  of  a  light-wave. 


The  former  process  is  accorapHshed  by  moving  the  standard 
(whose  length  it  is  convenient  to  take  at  10  centimetres)  ten 
times  through  its  own  length,  the  coincidence  and  the  parallelism 
of  the  surfaces  being  controlled  at  every  step  by  the  interference 
fringes  in  white  light  formed  between  these  surfaces  and  that  of 
the  reference  plane  (the  virtual  image  of  tlie  niiri'or  mm  in  Gi,  Fig. 
8.)  The  position  of  a  fiducial  mark  on  this  standard  is  compared 
by  means  of  two  micrometer  microscopes  with  the  lines  defining 
the  standard  metre  at  the  first  and  last  steps. 

In  the  second  process  the  only  difficulty  encountered  is  due  to 
the  very  great  disproportion  between  the  length  of  a  wave  and 
that  of  the  10  centimetre  standard,  and  the  consequent  difficulty 
in  keeping  the  correct  count  of  the  very  large  numlier  of  waves 
which  pass  as  the  reference  plane  is  moved  from  one  surface  to 
the  other. 

This  problem  has  been  solved  in  the  following  manner.  Nine 
standards  were  constructed  similar  in  all  respects  to  that  of  ten 
centimeters,  save  that  each  succeeding  one  was  half  as  long  as 
the  preceding.  The  last  of  the  series  is  thus  approximately  0.39 
mm.  long,  corresponding  to  a  difference  of  path  of  0.78  mm.  The 
number  of  waves  in  this  distance  in  red  cadmium  light  is  1212 
plus  a  fraction,  which  is  corrected  by  direct  observation  of  the 
difference  of  phase  of  the  circular  fringes  on  the  upper  and  lower 
{front  and  rear)  surfaces  of  the  standard.  This  verification  is 
also  made  with  the  green  and  blue  radiations. 
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It  is  important  to  note  tbat  the  measurement  of  these  fractions 
alone  is  sufficient  to  fix  the  whole  number,  even  if  there  be  an  nn- 
certainty  of  several  waves.  Thus  the  relative  wave-length  of 
the  three  radiations  being  known,  the  number  of  green  and  of  blue 
waves  corresponding  to  the  observed  number  of  red  waves  can  be 
readily  calculated,  as  is  shown  in  the  following  table:— 

Number  of  Waves 


Wave-length 

/* 

0.64389 
0.60863 
0.48000 

Observed 

1212.34 

1534.76 
1626.16 

Calculated 

1212.34 
1534.76 
1626.13 


B 

II 

D 

I 

C 



1 

A 

-K 


D 

B 

1 

C 

11 

A 

K' 


-R' 


Fic.  II 


If  the  whole  number  assumed  as  the  basis  of  this  calculation 
were  in  error  by  one  or  more  w^aves  there  would  be  no  corres-* 
pondence  between  the  observed  and  calculated  fractions.    The 
length  of  this  standard  and  the  succeeding  one  are  now  compar- 


face  (c  Fig.  11)  once  more  coincides  tvil)>  the  reference  plane  8', 
and  its  inclination  is  again  adjusted  by  the  iiitcrrereiicc!*  fringes. 

Foartb  Stagv. — The  rcfcitnce  plane  is  tiuully  moved  back  till  it 
eoincidcb  with  D,.thc  upper  Kiiifacc  ofi,  and  its  inclinationia again 
adJDsted.  H'uow  the  stondnrd  rr  is  jwst  tvvice  as  lung  as  r.  the 
fringcR  will  appear  8iniultaucouiit.v  on  both  upper  Nurl'accs  i>  and 
B. 

The  adjnsuncnt  of  the  lenj^th  of  the  standard  is  iimially  made 
lo  within  a  few  wave*,  andthcoutstAnding  difference  is  measured 
by  a  compensating  dcricc. 

This  is  furnished  by  the  rotation  of  the  compensating  plate  c,, 
Fig.  K.  The  plate  is  held  in  a  metal  frame  which  is  supported  at 
one  cikI  by  a  short  tbick  rod  firmly  fixed  to  tile  lied.  At  the  other 
end  a  delicate  spiral  spring  is  attached:  the  tension  of  the  spring 
iwisu  the  rod  through  a  minute  angle  and  thus  alters  the  thick- 
ocss  of  gloss  traversed  by  one  of  the  interfering  pencils.  Tbc 
other  end  of  the  spring  is  attached  to  a  flexible  cord  passing  over 
a  pulley  which  is  connected  with  a  graduated  circle.  The  angular 
motion  is  thus  redticed  about  100.000  times,  and  yet  the  propor- 
tionality is  presciTcd. 

StippoMc  the  outstanding  difference  ts  '  a  fraction  of  a  wave- 
length known  to  within  one  ortwo  tenths,  then 

11  =  21  +« 

and  conse<|uent]y  the  number  of  red  waves  should  be 

2  X  1212.34.  +  *. 

fraction  is  corrected  by  direct  observation,  lu  in  the  case 
stnudard  i,  and  the  same  control  is  fnrnished  by  the  con- 
cordance of  the  results  fur  the  thix-v  colors;  so  that  an  error  in 
the  whole  number  of  waves  is  wcllnigh  impossible. 

Tbc  priK"ej«  of  coniparisun  and  correction  ii*  re[>eatcd  in  the 
«amc  way  Mith  tbc  other  standards,  until  we  fianlly  arrive  at  the 
whole  number  of  waves  and  approximate  fraction  in  the  10  eenti- 
ri.  iiidard.    l*p  to  this  jioint  the  question  of  tcnipci'nturc 

rwi  ^  '  iire  is  of  minor  importance  for  the  comparisons  and  cor- 
nctioQB  are  made  while  both  standards  are  under  the  same  con- 
dittonK;  and  being  all  made  of  tbc  ^auie  material,  it  \h  sulBcicnt 
to  know  that  the  temperature  it*  the  same  for  both.  In  the  meas- 
urement of  the  fractious  on  the  10  centimetre  standard,  however, 
it  is  li  ''■:■-  to  know   the  tem|>era(.urc  and  prcssnrc  with  all 

posffi'i  ".acy,  andit  is  also  impttrtant  that  tlie  comparison 

of  this  standard  with  the  metre  shoidd  be  made,  as  nearly  as 
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may  be,  under  the  same  conditions  as  that  of  the  determination 
of  the  standard  in  light-waves. 

The  author  having  been  honored  by  an  invitation  from  the 
International  Bureau  of  Weights  and  Measures  to  undertake  a 
series  of  exi>eriments  upon  the  lines  here  briefly  indicated,  the 
necessary  apparatus  was  constructed  in  America,  and  shortly 
afterwards  installed  in  the  Bureau  International  des  Poids  et 
Measures  at  Sevres. 

Two  complete  and  entirely  independent  determinations  were 
made.  These  have  not  yet  been  completely  reduced,  but  an 
approximate  calculation  gives  for  the  number  of  waves  of  red 
light  in  one  metre  of  air  at  15°  C  and  76  mm. 


First  scries. 
Second  scries. 


1553163.6 
15531  M.6 


The  difference  from  the  mean  is  half  a  wave,  or  about  one 
fourth  of  a  micron." 

From  these  results  it  follows  we  have  at  hand  a  means  of 
comparing  the  fundamental  standard  of  l^ength  with  a  natural 
unit — the  length  of  a  light-wave — with  about  the  same  order  of 
accuracy  as  is  at  present  possible  in  the  comparison  of  two  metre 
bars. 

This  unit  depends  only  on  the  properties  of  the  vibrating  atoms 
of  the  radiating  substance,  and  of  the  luminiferous  ether;  and  is 
probably  one  of  the  least  changeable  quantities  in  the  material 
universe. 

If  therefore,  the  metre  and  all  its  copies  were  lost  or  destroyed, 
they  could  be  replaced  by  new  ones,  which  would  not  difler  from 
the  originals  more  than  do  these  among  themselves.    \\'liile  such 
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In  the  Jnnuurr  number  of  tliLt  jonnial  Diere  was  n  pnprr  by 
Prufessor  F.  U.  ttigclow  on  the  nrliition  between  solar  rangnct- 
utn  and  tcrrestriul  tcin|)cruture,  and  in  the  Amerkno  Meteoro- 
togkat  JoumJil  for  J  anna  rj-  on  the  subject  at  the  head  of  this 
article.  It  iniiy  lie  of  interest  to  readtmt  of  thin  juurnul  if  I  make 
a  few  comments  on  the  latter  (japcr  which  it)  destined  to  attract 
world-wide  attention.  li  the  view!'  tliemti  set  forth  can  be 
maintained  and  are  accepted  they  will  form  nn  extraordinary 
departure  from  Bcicntiric  methods  thus  far  adopted  by  meteorolo- 
gists  qnd  will  mJirk  an  era  in  that  science.  So  important  is  this 
discussion  and  so  far  reaching  in  itti  resuIlH  that  it  should  be  put 
forth  only  after  the  most  careful  research  and  accurate  substanti- 
ation of  ull  the  facts  which  enter  it.  It  is  safe  to  say  that  a  score 
of  meteorologists  have  been  working  in  the  same  or  similar  lines, 
2  mean  in  the  effort  at  determining  deltnitc  recurring  weather 
conditions,  and  with  very  meagre  and  disappointing  results  thus 
&r. 

Professor  Bigcluw.  in  choosing  these  hurricanes  as  the  basis  for 
the  iDvestigatton.  has  been  p:u'ticuhirly  fortunate  for  the  reason 
that  these  storms  are  quite  well  detined  in  their  characteristits,oc> 
enrtn  a  rnthercirctimscribed  regif.<n,in  a  well  dctined  period  of  the 
year,  and  can  be  easily  and  accurately  culliited.  The  only  serious 
difBcnlty  that  can  arise  will  be  in  determining  the  exact  date  of 
their  origin,  since  it  is  welt  known  that  tlicir  begitming  is  in  a 
disturbed  condition  ofttai  lasting  r<ir  .>i(-vern1  davit.  We  can  avoid 
error  in  this  regard  by  talking  the  day  when  violent  or  increasing 
winds  6rst  manifest  themselves.  It  is  very  essential,  however,  in 
ill  meteorological  inciniries  of  this  sort,  (hat  we  have  a  very 
Iai;ge  number  oi  cases  to  work  upon, and  I  think  every  one  will  lie 
painfblly  impressed  with  the  meagemess  of  the  data  upon  which 
«ich  a  remarkable  conclusion  or  law  was  based.  1  find  only  forty 
caaes  of  hurricanes  occurring  during  the  rears  studied  and  these 
must  be  distributed  over  a  period  of  about  27  days. 

On  examining  the  curves  showing  this  magnetic  iiiAnenee  upon 
these  storms  we  see  a  seeming  wonderful  similnrity  amounting 
to  well  nigh  an  exact  accordance  between  their  crests  and 
hoQows.  It  would  seem  as  though  we  would  be  abundantly 
jnstified  in  concluding  that  this  influence  is  so  marked  we  ought 
to  find  it  at  ever>'  recnrrcnce  of  the  dates  in  question,  that  is, 


whenever  the  6th,  17th,  22(1  and  26th  daj'S  of  the  period  came 
around  (these  are  the  more  proiniiieiit  coinciding  dates  8elect< 
by  Professor  bigelow)  we  would  expect  to  Jitul  astorra  orat  least 
a  disturbance  in  this  region.  In  the  19  years  covered  by  this  dis- 
cussiou,  these  were  on  tlie  average,  14.  recurrences  of  these  dates 
or  of  this  supposed  influence,  during  each  jcar,  or  260  in  all. 
The  total  number  of  effects  or  storms  as  given  by  the  table,  how- 
ever, is  only  28  on  these  dates,  that  is,  out  of  a  possible  2G0 
caaes  there  are  only  28  successes,  or  9.5  per  cent  which  favor  the 
influence  idea.  At  the  outset  this  would  seem  absolutely  fatal  to 
the  supposition  that  there  is  any  physical  connection  lieiwccn 
these  phenomena.  We  seem  to  have  nothing  more  here  then  a 
mere  coincidence  in  the  few  ca«e8  given.  This  position  is  all  the 
stronger  the  closer  the  agreement  in  the  few  cases  wc  have. 

The  marked  discrepancy  at  the  20th  day  in  the  supposed  law 
of  coincidence,  is  most  serious  and  cannot  be  lightly  passed  over. 
If  it  is  found  impossible  to  explain  the  occurrence  of  such  a  large, 
number  oFhurricanes  on  an  ofl'day.it  will  throw  aclondupon  the* 
whole  research,  and  this  cloud  will  be  all  the  denser  the  closer  the 
agreement  in  the  remaining  cases.  It  will  l>e  voted  that  I  have 
laid  down  general  principles  only  which  should  he  followed  in 
studies  of  this  kind.  It  seems  to  me  there  is  a  most  serious  defect 
in  the  fnndamental  magnetic  influence  curve.  Is  it  possible  to 
conceive  of  such  well  defined  and  such  ireijuent  changes  in  the 
Sun's  magnetism  or  magnetic  influence?  If  the  Sun's  magnetism 
undergoes  such  changes  once  in  about  four  days  and  if  the 
amount  of  this  change  has  any  marked  value  from  the  crest  to 
the  hollow,  we  certainly  could  not  And  any  definite  terrestrial 
effect  following  from  it,  for  the  terrestrial  eflects  would  be  so 
blended  as  to  mask  entirely  the  original  intlucnce. 

On  examining  more  closely  the  material  used,  wc  are  much  sur- 
prised to  find  that  42  out  of  the  80  cases  are  of  north  nortltj 
Atlantic  storms,  or  storms  above  46''  north  latitude,  and  which! 
have  no  relation  whatever  to  the  tropical  hurricanes  we  are  sup- 
posed to  be  studying.    It  would  give  rise  to  great  confasion  in 
mcterorology  if  one  shontd  undertake  to  study  such  definite  phe- 
nomena as  these  tropical  disturbances  and  at  the  same  time 
mingle  with  them  storms  of  a  decidedly  different  aspect.    The 
north  north  Atlantic  storms  cover  a  vast  region ;  their  place  of 
origin  is  frequently  far  inland  and  impossible  to  ascertain;  their 
aspects  are  often  rery  difficult  to  determine;  in  every  way  they, 
arc  nnsuited  to  connect  with  the  other  storms  and  cannot  be< 
employed  properly.    I  do  not  mean  to  say  that  these  storms  can- 
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>t  be  nsed  in  proving  a  solar  maRiietic  influence  at  the  earth, for 

is  poitsiblL'  thej*  may  he  so  asciJ,  but  the  principles  upon  which 
they  va&y  be  studied,  and  the  rules  to  be  adopted  in  collating 

■\en\  are  so  different  Trom  those  for  the  others  that  thej  mnst  be 

^taken  by  themselves,  or  else  it  must  l>c  shown  that  the  origin  of 

the  two  classes  of  storms  is  under  similar  conditions  and  that 

there  is  a  reasonable  certainty  of  a  strict  comparison  between 

Ihe  date,  place  and  manner  of  origin,  etc.,  of  the  two. 

In  the  course  of  an  investigation  npon  the  storms  of  the  western 
Gulf  for  the  forecast  division  T  have  hnd  occasiort  to  prepare  a  list 
of  the  144  tropical  storms  that  have  been  observed  in  the  water* 
about  the  West  Indies  and  the  Gulf  of  Mexico.  In  order  to  get 
some  ideaof  their  intensity  I  have  at  the  same  time  placed  a  figure 
upon  a  scale  of  1  to  3  against  each  storm,  that  is,  1  indicates  a 
relatively  weak,  and  3  a  relatively  severe  storm.  This  is  not  a 
•^■.ile  of  violence  alone  but  one  taking  in  the  general  extent  of  the 
sttumi  and  other  characteristics  showing  intensity.  The  accom- 
panying table  gives  these  storms.  The  horizontal  row  beginning 
with  (D)  gives  the  date,  and  that  with  (I)  the  intensity. 

I  have  distributed  these  storms  by  the  days  of  solar  rotation 
or  ZDagnetic  influence  adopted  by  Prof  Bigelow  and  the  soni- 
of  these  is  here  given,  also  the  curves  showing 
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I.    Hurricanes  by  numlx*r  of  cases. 
n.    Same  by  weight  or  intensity. 
in.    Curve  of  solar  magnetic  influence. 
TV.    TTurricane  curve  found  by  Professor  Bigelow. 
These  cur^-es  show  facts  as  follows : 

l«t.    There  is  a  marked  correspondence  between  the  t-wo  top 
CttTTC*,  and  this  was  to  be  exijected  because  they  arc  of  identical 
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Storms  in  the  neighborhood  of  the  West  Indies  during  Aaguat, 
September  and  October  from  1874  to  1893. 
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pbenomauu  A  Uuger  number  of  siorros  would  bare  hrooght 
About  a  sltgbtlT  closer  agreeromc  hctwcrn  the  scrtning  wa\-rs  in 
tbcsc  Carres. 

2.  Any  one  at  nil  fontiliar  with  work  of  this  kind  will  nt  once 
sec  the  utter  hopelessness  ot  comparing  either  of  these  cnrrcs,  1 
anri  11,  with  thnt  for  miigneiic  inflnence  Ml. 

3d.  The  ranke  up  of  the  Inst  curve  IV.  from  such  diverse  rt- 
rnrds  nnd  from  so  lew  stomis  wnald  hnve  led  us  to  cx|tect  very 
slight  agreenieut  with  1  or  II.  hut  ouc  could  have  hardly  nntici- 
paled  such  mnrketl  canlrruIictiiinA,  U  should  Ik  noted  thnt  1 
and  II  nre  rigidly  constructed  from  the  diitn  gnthcrc*!  from  tlie 
uriginal  records  and  colhitcil  too  with  nbsolutely  no  reference  la 
a  magnetic  or  nny  other  period. 

Some  one  miiy  think  thiii  I  ;ind  II  would  hrivc  l»ecn  mntcrinlly 
dtScrent  If  crcry  slight  disturhuncc  in  the  West  Indies  had  T)ccii 
rollateil  This  is  not  true,  however,  for  (he  rcjivon  thnt  nny 
farther  diaturbnnccB,  if  there  hod  l>ccn  such,  though  n  carelul 
KiNfch  did  not  show  them,  would  Imve  I>een  -.lislrihuted  unt- 
fomdy  along  the  'J6.BS  days  and  would  ha>*c  simply  given  a  hitri- 
flontnl  rise  in  the  curve  nil  n long' the  line  and  would  ufit  hnve 
changed  the  phases  of  the  curve,  or  rather,  its  crests  nnd  hollows, 
m  Tongnilude  or  positinn  in  the  Icnst.  Tlri«  Is  shown  ([uitc  clearly 
by  the  marked  Lurrespdmicnce  l>ctween  I  and  II. 

It  should  be  reniarkc-<l.  in  closiiiK,  that  I  lx:hcve  hdly  in  a 
•trong  influence  from  the  Sun*s  electricity  or  magnetism  upt)n 
our  weather  and  that  too  directiv  and  not  through  its  heat  inllu- 
mce.  I  have  Iktu  working  at  this  problem  for  thirteen  years  and 
havcobtiiined  a  few  intcrescing  results.  I  have  also  studied  such 
car\*cH  a»  these  by  the  ihousuud  atid  have  fouad  the  investigation 
practically  hopeless  without  there  is  fii'st  an  elimiuatioa  of  n  va- 
ricLy  of  conditions  or  etlccts  which  serve  to  mask  ur  cloud  the 
correspondence  between  phenomena.  Unless  we  can  show  how 
or  why  a  physical  ct>nnectiou  can  or  may  exist  between  divcnc 
conditions,  we  are  standing  on  most  dangerous  ground  and  art 
practicnlly  im  precisely  the  saute  looting  ns  the  "plnnetariaos," 
"lunnriaus,"  "cvcli.'its,"  "sunspotists,"  ctc- 

Jnn.  15.  18&** 

Dr.  A-  Auw«*rs  ha«  published,  in  A»tr.  Such.  N'o.  3Kt'»-i)R,'tlie 
results  of  an  exhauKtive  piece  of  work  in  the  way  of  cnniparisifn 
uf  star-CMtalogues.  He  has  com|>ared  the  funilaniental  catalogue 
wucA  in  farming  the  '  Astrtmomische  Oesellschaft '  catJilogucM  with 
forty-seven  dilK-reni  others.  The  result  occupies  mnny  pages  *\{ 
figum,  and  it  is  difficult  to  comment.  The  pa|>er  >hould  be 
■tncfigd  bv  those  interested  in  sLnr-cutalugucx.— 0/^»rrv.'iCorv', 
Jan..  1894 


FRE£  PUBLIC  OBSERVATORIES. 
W.  W.  PAVNR. 

A  iimvi-mcm  of  interirst  is  noticeable  of  late  that  has  for  its 
object  the  founding;  of  what  may  be  called  free  public  Observa- 
tories for  instruction  and  entertainment  in  citiea  and  large 
towns.  The  idea  is  by  no  means,  n  new  one  in  this  or  foreign 
counlrius;  for  to  a  very  limited  extent  it  has  prevailed,  in  local- 
ities where  aHlrononiy  and  its  kindred  branches  have  been  cnlti- 
vaicd.  in  one  form  or  another,  for  many  years.  Very  tinturally 
thoughtful  iwople,  young  or  old.  educated  or  unetlncated.  desire 
to  gain  some  knowledge  of  the  heavens  whose  wonders  and  awe- 
inspiring  sublimity  are  spread  out  to  human  eye  ever>'\vhcrc 
almost  cvcni'  day.  Is  it  a  wonder  thfit  Astronomical  Obscr\'a- 
tories  should  nnfomily  hnve^  the  custom  of  setting  apart  one  or 
more  evenings  each  week  to  meet  this  common  want  tn  the 
people's  mind?  Is  it  a  wonder  that  men  of  means  who  bnve 
some  idea  of  the  value  of  science  in  general  should  give  largely  to 
build  and  endow  Astronomteal  Observatories  and  chemical  and 
phj'sical  laboratories,  when  tliey  know  from  common  observa- 
tion what  factors  such  institutions  are  in  the  advancement  of 
knowledge  and  the  elevation  of  common  thought  and  common 
life? 

But  onr  j>iir|>ose  now  is  not  so  much  to  call  attention  to  tbe 
beneficent  influence  of  science  as  a  means  of  popular  cnltore  or 
elevating  entertainment,  as  it  is  to  notice  the  strong  and 
pronounced  phase  of  this  influence  in  asking  that  measures  tc 
adopted  speedily  wherebj'  it  may  he  more  effective  and  more  gen- 
erally useful-  All  agree  that  more  should  be  done  for  the  masses 
of  oar  intense  American  hfc.  But  thinking  men  or  phtlanthro- 
]>ist5  have  not  put  themselves  to  the  task,  as  yet,  very  severely, 
of  working  out  the  methods  by  which  these  worthy  ends  may  be 
accomplished.  It  is  true  that  College  extension  work  and  Chao- 
tauqna  Circles  havegrown  prodigiously  within  the  last  five5*ear», 
and  tbe  demands  are  increasing.  Books  and  apparatus  have 
been  adopted  to  this  new  order  of  things,  and  the  change  for  the 
Ijctter  in  public  sentiment  in  regard  to  the  value  of  popular  edu- 
^.aiioii  is  everywhere  apparent.  The  walls  of  college  caste  even 
are  yielding  before  this  powerful  wave  and  their  cloister-Iike  ex- 
clusiveness  will  soon  deservedly  be  a  thing  of  the  past.  Ruts  in 
science,  literature,  politics  or  anything  else  mean  stagnation  and 
that  is  the  sure  symbol  of  death  to  any  cause.    Last  of  all  it  is 


sad  to  admit  it,  but  it  is  nevertheless  generullv  tme  that  astron- 
.omcni    have   been    ill-disposed,   nversc   to.    and    coldly    critical 
lowurtts  an^'thiiig  looking  to  a  popular  study  of  astronomy,  un- 
lc»B  irach  instruction   be  very  Bacrcdly  Ruardcd  by  a])propriate 
technical  langua^  which   Liiv<}!ves  the  ctinentials  of  the  higher 
mathematics  that  spccitilitsts  only  know  how   to   use.    This  ko- 
colled  learning  is  a  delusion  and  a  snare.     For  n  nchtilar  tu  any 
that  he  can  not  express  himself  coticcniing  ^inything  he  knows  in 
plain  Kuglii^h  so  an  to  be  understood  by  any  one  poH!it!«9ing  com- 
mon intelligence  is  a  confession  he  ought  to  be  ashamed  of.    The 
(difficulty  felt  is  not  in  the  facta  of  astronomy  or  the  nature  of  the 
I  »cieace,  as  exacting  as  it  is,  but  rather  in  the  scholar  himself.    If 
be  had  a  little  moii;  patience  and  lesH  shnnielestt  pride  he  would  be 
able  to  .io  much  more  for  the  cause  nf'popnlar  advancement  in 
nsetiil  elementary  astronomy.    We  would  not  now  feel  likes]M.<ak- 
[iug  quite  so  plainiy  if  we  had  not  seen  unmintnhable  evidences  of 
this  thing  within  the  last  few  months.    On  the  other  luind  very 
strong  apiHrals  have  come  from  persons  interestetl  in  the  study  of 
popular  astronomy  recently  and  simultaneously    m  llic  great 
|dtic»  of  Boston  and  New  York,  saying  that  the  time  has  come 
when  there  should  \x  butit  and  et|uip|jed  and  endowed  in  each  of 
these  places  free  public  Observatories  for  the  puqroscs  of  instruc- 
tion and  elevating  entertainment.    In  the  February  issue  of  Pop. 
alar    Astronomy    and    otlier    scientific    publications    as    well, 
vill  be  found  articles  and  notes  indicating  the  sources  and  ex- 
tent of  the  information  referred  to.     It  may  here  be  ndded  that 
tine  movement  has  been  sufficiently  prominent  to  claim  the  at- 
tnition   of  the   Boston  Scientific  Society  at  one  of  its  late  rcg. 
liar  meetings,  at  which  a  paper  on  the  theme  was  read  by 
one  of  its  prominent  meniliers  which   was  followed  by  a  gen. 
rral  discussion  showing  general  favor  for.  and  hearty  synii>athy 
with,  the  idea  of  estnbHshing  n  free  public  Astronomical  Observa- 
tory for  the  city  of  Boston.    It  was  argued  that  such  an  institu. 
Hon  should  be  founded,  it  should  be  endowed,  it  should  be  wisely 
mamiged.  and  one  of  its  (dijects  sh<iulrl  lie  the  entertainment  of 
tbcpnblic,     A  scholarly  astrononicr,  an  authority  in  Kuro|K;  and 
Amerien  in  the  most  intricate  an<l  difficult  questions  of  practical 
and  thenrcticnl  astronomy,  now  advising  that  a  free  pubKc  Aa- 
trmiomicat  Oliseni'atory  alinuld  Iw  built  for  tlie  entertainment  of 
tiie  public  Q»  one  object !    Why,  think  of  it ;  are  the  scholars  com- 
ing into  line?    rnniistakeahly   they    nre.    And    when    they    do 
move  unitedly  nothing  probably   less  than  a  confusion   of  their 
ointher  tongue  will  stop  them.    Unquestionably  this  new  impulse 


is  one  setting  tu  the  right  direction,  and  there  is  evidence  that  it 
will  grow  in  strength  becaiwc  of  the  character  of  the  people  that 
ure  behind  it.  That  it  is  wise  and  right  and  tiuicl,v  seeuis  ecjualty 
clear.  The  Boston  beginning  is  a  noble  one  and  we  hope  it  will 
gather  strength  and  enthusiasm  rapidly.  Tlie  schctne  in  New 
Vork  is  less  developed  so  fer  as  known,  but  it  is  believed  that 
New  York  will  not  be  behind  Boston  in  any  worthy  public  enter- 
prise of  this  kind.    Xcw  York  may  possibly  take  the  lead. 


Death  of  Dr.  Rudolf  Wolf.— Astronomy  has  lost  an  earn- 
est devotee  by  the  death  of  Dr.  Wolf,  Director  of  the  Zurich  Ob- 
sciTratoo".  who  died  on  December  0  last,  at  the  age  of  77  years. 
Dr.  Wolf  was  bom  in  ISIG  near  Zuricli,  and  his  early  studies 
were  under  the  direction  of  Homer,  Enckc,  and  Poggendorf.  In 
1847  he  was  apptointcd  Director  of  the  Observatory  at  Bemc. 
where  he  commenced  his  studies  and  observalions  of  sun-spots. 
which  studies  led  him  to  announce  the  connection  between  sun- 
spots  and  the  Earth's  magnetism.  In  1853  he  was  appointed  to 
the  new. Observatory  at  Zurich,  which  position  he  held  ot  the 
time  of  his  death.  Dr.  Wolf  will  probably  Ik*  chiefly  remembered 
for  his  work  on  sun-spots,  in  which  he  has  been  engaged  for  al- 
most the  last  fifty  years.  His  "Sun-spot  Numbers,"  published 
annually,  which  give  the  state  of  the  solar  energy*  for  each  month 
in  the  year,  as  indicated  by  the  total  area  of  the  spots  on  the  Sun 
for  each  month  in  tlie  year,  have  been  of  the  greatest  service  to 
many  investigators  in  this  branch  of  science.  As  a  member  of 
the  Fefleral  (ieodetic  Commission,  of  which  he  was  formerly 
FrcsidcTit.  Dr.  Wolf  slioweil  an  extensive  knowledge  of  Geodesy, 
and  contributed  'A  History*  of  Geodetic  Measures  in  Switzerland  ' 
to  its  literature.  Among-  his  otlier  works  arc  a  'History  of  As- 
tronomy,' which  is  a  most  valuable  work  of  its  k^ncl.  and  a 
'  Treatise  on  Astronomy,'  which  is  his  latest  work,  Dr,  Hirsch, 
Secretary  of  the  Geodetic  Association,  thus  writes  of  him : — 

"  During  iiis  long  life,  wholly  devoted  to  science  and  filled  with 
sustained  jiiid  fruitful  work,  our  friend  jireserved  to  the  last  days 
of  his  short  illness  the  serene  tranquility  which  marked  his  lova- 
ble character.  His  fine  figure  will  remain  engraven  in  the  mem- 
ory of  his  friends  and  colleagues  as  the  very  Ix'pe  of  an  iudefati* 
gable  and  powcrfiji  worker  in  the  great  field  of  science." — Obser- 
vatory, Jan.,  1894-. 

We  regret  also  to  have  to  record  the  death  of  Dr.  Adolphe 
Steinheil,  chief  of  the  optical  firm  of  Steinheil  it  Sons,  Munich, 
who  died  .November  4,  1S93,  aged  Gl.  Also  of  Friedrich  Gustav 
von  Billow,  who  was  the  founder  of  the  Obscrvator>'  at  Both- 
kamp,  from  which  MM.  Vogel  and  Lohse  issued  the  three  vol- 
umcs  of  the  Bothkanip  observations,  1870—74. — 06scrratory, 
Jan.,  1894. 


Astro-Physics 

THE  SOLAR  FACUL^.* 
GBORGE  U.  flAl-K. 

The  almost  simultaneous  discovery  of  the  doubly  reversed  H 
and  K  lines  in  the  siiectrum  of  the  faculae,  made  by  M.  Deshmdres 
and  myself  in  1891,  was  not  altogether  unexpected.  Several 
years  earlier,  Professor  Young  had  seen  tins  bright  pair  of  lines  in 
the  spectrum  of  spots,  but  their  position  at  the  extreme  limit  of 
the  visible  spectrum  made  satisfactory  observation  impossible. 
Professor  Young  found,  however,  that  the  bright  lines  were  not 
confiiied  to  the  spot  itself,  but  extended  on  to  the  disc  for  a  con- 
siderable distance.  With  the  application  of  photography  the  dif- 
ficulties of  visual  observation  disappeared,  and  the  bright  lines 
were  found,  not  only  in  the  neighborhood  of  spots,  but  also  in  ex- 
tensive regions  irregularly  distributed  over  the  solar  disc.  A 
(lark  central  line  of  double  reversal,  which  had  escaped  the  eye  of 
the  observer,  was  also  clearly  registered  upon  the  photographic 
]}late.  With  a  sufficient  dispersion  it  is  occasionally  found  that 
the  doubly-reversed  lines  extend  entirely  across  the  Sun.  They 
are  not  uniformly  bright,  but  have  alternate  maxima  fmd  minima 
of  intensity-.  In  the  minima  the  lines  sometimes  seem  to  disap- 
pear completely,  but  it  appears  probable  that  witli  sufficient  dis- 
persion they  could  be  pliotographed  at  any  point  on  the  disc.  H 
and  K  are  almost  identical  in  appearance,  except  that  tlic  latter 
is  always  the  brighter  of  the  two. 

The  question  has  been  raised  as  to  whether  the  l)right  lines 
with  dark  centres  are  true  double  reversals,  or  simply  close 
double  Jines.  A  moment's  consideration  of  the  facts  of  the  cjisc 
ought  to  leave  no  room  for  doubt  on  this  point.  If  a  photo- 
graph of  the  spectrum  is  taken  with  the  slit  lying  across  the 
Sun's  limb,  it  is  found  that  the  two  bright  lines  of  the  double 
reversal  unite  into  a  single  bright  line  at  the  edge  of  the  disc, 
and  this  single  bright  line  exactly  coincides  in  position  with  the 
central  dark  line  of  the  double  reversal.  This  is  shown  in  the 
photograph  from  which  the  cut  was  made,  V)ut  the  reproduction 
fails  to  bring  it  out. 

The  investigations  of  Cornu  and  other  physicists,  on  the  rever- 
sal of  the  lines  of  metallic  vapors  in  the  electric  art,  offer  most 
striking  analogies  to  the  phenomena  just  described.    Tiirough 

"  Cotnmunicatetl  bv  the  author. 


the  kindness  ot  M.  Conm  I  have  recently  had  the  pU-Jisurc  of  cx- 
jiminin^  surnc  of  his  ph<}L<>);;rnpli.<  of  reversed  lines.  The  in%"vsli- 
^^ations;  were  confined  to  the  ultra-violet,  and  the  cakium  lines 
which  corrcs|K)iid  with  H  and  K  were  not  njwciatly  Btu<lied.  The 
reventjits  ol  other  lines  are  similar,  howcx'er,  and  wdl  serve  our 
present  ptirpoKe  cijiialty  welt.  An  ultra-violet  line  of  aluminium 
on  one  of  the  photographs  reproduces  the  solar  H  and  K  revcr- 
toU  so  jjcrleetly  that  it  might  re.adily  he  mistaken  for  one  of  them 
were  there  ;tny  duubt  as  tu  its  mode  of  production. 

In  M.  Cornu's  experiments  an  image  of  the  arc  was  foruicd  on 
the  slit  of  tbc  spectroscope.  A  portion  of  the  metal,  or  cue  of  its 
^alts,  was  introduced  into  a  cnp-shapcd  cavity  in  the  lower  car- 
bon, and  vaporized  by  the  passage  of  the  current,  lender  these 
conditions  the  central  portion  of  the  arc,  where  the  line  of  sight 
passed  through  the  cool  exterior  vapnr  to  the  intensely  heated 
vapor  and  the  glowing  cnrlion  poles,  showed  the  aluminium  line 
reversed— two  narrow  bright  lines  enclosing  a  narrow  dark  line. 
At  Mie  edge  ot  the  nrc,  however,  where  the  line  of  sight  fiassed 
through  only  the  cooler  vapt>r  of  the  exterior,  the  two  bright 
lines  united  mto  a  single  bright  line,  corresponding  in  position 
with  the  dark  line  seen  in  the  first  case. 

We  thuti  arrive  at  a  basis  for  the  interpretation  of  the  H  and  K 
reversals  in  the  Sun.  In  the  arc  we  have  a  reversed  line  produced 
by  the  absorj>tion  of  the  cooler  vsporol  the  exterior.  The  chro- 
mosphere would  seem  to  j)lny  the  part  of  the  alworbing  vapor  in 
the  Sun.  At  the  base  of  the  chromosphere,  or  below  it,  is  the 
hotter  vapor  corresponding  with  that  at  the  centre  ol  the  arc. 
Here  is  the  seat  of  the  brilliant  radiation  of  calcium,  which  pro- 
duces the  two  bright  components  of  the  doubly-reversed  H  and  K 
lines.  The  iip]Kr  part  of  the  chromosphere,  on  the  other  hand, 
acts  as  an  absorbing  screen,  and  ]>rcdnces  tlie  central  dark  line  of 
the  reversal.  A  photograph  of  the  solar  disc  secured  by  means  of 
the  s[H.-ctro-heliograph  (using  the  K  line),  should  therefore  show 
not  the  entire  chromo»i>here,  but  only  its  lower  and  hotter  ])artB. 

The  distinction  is  an  important  one  when  it  is  remembered  that 
photograplis  taken  with  the  spec tro- heliograph  show  the  entire 
surface  of  the  Sun  to  be  mottled  over  with  small,  irregnlariy 
shajied,  bright  regions,  which  seem  to  form  a  nearly  unbroken 
reticulation  (Astronomy  and  Astro-Physics,  May.  1893,  p.  4roO). 
This  is  not  to  be  mistaken  for  the  well-known  "granulation"  or 
the  "rCseau  photosphOrique"  of  M.  Janssen.  Neither  does  it 
seem  at  all  probable  that  the  brighter  regions  are  merely  eleva- 
tions in  the  chromosphere,  for  if  the  upper  part  of  the  chro 
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sphere  acts  as  nn  absorbing  medium,  and  produces  the  dark 
centrkl  line  of  the  H  and  K  reversals,  an  increase  in  the  depth  of 
the  chromosphere  would  certainly  not  diminish  the  absorption. 
It  seems  likely  that  the  reticulation  represents  a  true  facular  net- 
work, for  the  small  faculte  seen  without  the  spectroscope  near  the 
Sun's  limb,  and  well  described  by  Secchi  {Le  Soleil,  German  edi- 
tion), are  probably  parts  of  the  same  reticulation.  Probably  no 
sharp  distinction  can  be  made  between  the  base  of  the  chromo- 
sphere and  the  upper  surface  of  the  underlying  faculie.  The  latter 
seem  to  be  in  intimate  connection  with  the  interior  of  the  Sun, 
and  one  might  therefore  expect  to  find  the  H  and  K  lines  very 
bright  in  them. 

In  this  connection  it  should  be  remarked  that  the  H  and  K  lines 
over  spots  are  frequently  somewhat  narrower  and  less  brilliant 
than  on  the  disc,  and  the  central  dark  line  is  often  absent.  I 
have  explained  this  as  probably  due  to  the  fact  that  we  are  here 
dealing  with  the  radiation  of  the  chromosphere  overlying  the 
coo/er  region  of  the  spot.  (Asthonomy  and  Astro-Physics,  1892, 
p.  815.) 

In  a  recent  paper  on  the  "Ph3'sical  Constitution  of  the  Sun" 
(.\sTRONOMY  AND  AsTRO-I*HYSics,  1893,  p.  832),  Father  Sid- 
greaves  has  expressed  his  belief  that  lacula;  are  prominences  seen 
in  projection  on  the  solar  disc,  and  M.  Deslandrcs  has  advocated 
a  similar  hypothesis  in  the  December  number  o(  Knowledge  (see 
also  Comptes  remlus,  Nov.  27,  1893).  As  my  own  position  in  re- 
gard to  the  .subject  is  evidently  not  I'ully  apiJrcheiided  by  M.  Des- 
landrcs, I  shall  endeavor  in  what  follows  to  state  it  as  clearly  as 
possible. 

In  a  note  dated  January  IHtU,  1892  (Astkonomy  and  Astro- 
physics, February,  1892,  p.  159),  1  wrote  as  follows  in  regard  to 
the  regions  on  the  Sun's  surface  in  which  I  had  found  the  H  and 
K  lines  to  be  doubly  reversed:  "On  January  12th,  1892,  it  was 
found  possible  to  photograph  the  forms  of  some  of  these  reversed 
regions,  using  a  moving  slit  apparatus  just  completed  for  our 
large  diffraction  spectroscope  Ijy  lirashear.  The  K  line  in  the 
fourth  order  spectrum  was  employed,  as  is  customary  in  the  case 
of  prominences.  The  reversed  regions  are  of  great  extent,  and  in 
appearance  closely  resemble  facula;.  Several  explanations  may 
be  suggested  to  account  for  them.    They  may  be : — 

"  1.    Ordinary  prominences  projected  on  the  disc. 

"2.  Prominences  in  which  H  and  K  are  bright,  while  the  hy- 
drogen lines  are  absent. 

"3.    Faculffi. 


The  Solar  Faculte. 


"  4.  Phenomena  of  a  new  class,  similar  to  facuUe,  but  showing; 
onli'  H  and  K  bright,  and  not  ohtaini'd  in  eve  nhservniions  or 
ordinary  photof^raphs  Ixciitisc  ut'  the  brilhnnt  background  njKin 
which  they  are  projected."' 

Subsequently  I  fnund.  by  conipiiring  |>hotographs  of  fncnUt: 
near  the  Sun's  limb,  made  a t  thei'ucis  ol' a  telescope  in  the  tirdi- 
nary  manner,  with  photographs  of  the  reverse^  regions  mude 
with  the  KpLTtro-heliojjraph.  Lhiit  lliere  wjis  a  very  ehise  B^rce- 
racnt  in  form.  Kor  this  reason  1  ailoptcd  the  provisional  nninr 
"fnculie"  in  subsequent  references  tu  the  bright  regions  shown  on 
spet'tri>-hcliwgranis.  reserving  an  t"xhaii)*tive  dis^-nssion  of  the 
phenomena  uiild  stiiHcient  in:itcrial  had  been  culleetrd  for  thnt 
pnrpose.  Part  of  this  material,  in  the  form  of  al'iout  three  thou- 
sand sitectro-heliogranis  and  several  litnulred  ordinary  photo- 
graphs of  the  Sun.  had  already  ix-en  i-ollei-ted  and  partially  re- 
iluceiK  It  is  intende<l  that  one  of  the  5r^t  vohinieB  nf  publica- 
tions to  Iw  issued  by  the  Yerkes  (Hwervfilory  shntl  be  devoted  to 
a  discuflsii»n  of  these  results.  At  tlie  pi-esent  time,  nnd  at  a  dis- 
tance from  my  photographic  aad  other  records,  I  can  itittcuss  the 
subject  (inly  in  a  provisional  way. 

No  one  can  ilouhit  that  prominences,  and  particularly- eruptive 
pr<miiHeneeB,  bi-c  closely  related  to  faculx.  To  this  point  I  have 
already  calleil  attention  in  the  following  words:  "  .  .  .  In  a 
great  many  photographs  taken  with  the  sitcetro-heliograph.  fac- 
nlie  are  sliown  projecting  above  the  Sun's  limb.  And  the  inti- 
ninte  relationship  between  faeul*  nnd  eniptive  prominences  is 
not  less  evident,  especially  in  comjjosite  photogiaphs  showing 
fnculte  and  prominences  on  the  same  plate.  When  we  consider 
thai  erw/ir/ie  prominences  probably  rise  from  faculic,  it  is  mrt  at 
nil  siir|H'ising  th;it  such  prominences  sometimes  slufw  a  continu- 
ous s^iectrum  in  addition  lo  their  bright  lines.  For  a  violent 
eruption  would  nnturally  ciirrj'  up  with  the  prominence  some 
"dust-like"  matter  from  the  fnculn.  which  would  give  a  coniinu- 
ouB  b|jectrum."  {Astkc)Nouv  and  Astro-Physics,  November, 
1S02.  p.  Hla). 

The  projecti<m  of  facula;  at  the  limb,  while  very  frequently 
shown  in  short  exposure  photographs*  of  the  Snn's  disc,  is  rarely 
much  greater  thnn  the  average  depth  of  the  chromosphere.  If 
facula^  are  prominences  seen  in  projection,  or  if  they  are  always 
covered  by  prominences,  as  Patlier  Sidgreavcs  and  M.  Dcslandres 
hold,  these  projections  shonid  be  much  higher—/,  e.,  we  should 

•  Oht-ained  with  ihe  i«(K-ciru-Iwliopraph  and  also  liy  Jirtct  «x|K>»urc  at  the 
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always  find  a  prominence  above  one  of  these  projecting  faculse. 
As  a  matter  of  fact,  the  long  exposure  spectro-heliograms  of  the 
chromosphere  rarely  show  prominences  at  such  points;  when 
prominences  are  present  they  are  almost  invariably  eruptive,  and 
of  small  extent  at  the  base.  But  the  projecting  facnla;  give  the 
reversed  H  and  K  lines,  even  when  n<j  prominence  is  present.  M. 
Iteshindres  states,  however:  "  Les  facules  sont,  par  definition,  les 
plages  brillantes  de  la  surtace  solaire,  plages  qui,  A  I'intensitc  gen- 
orale  prds,  donnent  les  memes  raies  noires  que  les  parties  voisines, 
et  correspondent  aux  parties  elev^es,  aux  montagnes  de  la  photo- 
sphdre.  Elks  sont  distinctes  des  flammes  de  calcium  audessus 
d'elles."     {Knowiedgc.  December,  1893,  p.  230). 

It  is  probabl\'  true  that  the  faculfe  are  ordinarily  quite  different 
fi-om  the  prominences  which  sometimes  cover  them,  but  I  cannot 
see  that  any  evidence,  other  than  a  "definition,"  is  ottered  to 
prove  the  absence  of  the  bright  H  and  K  lines  from  their  spectra. 
These  lines  may  have  their  origin  in  hot  calcium  vapor  distrib- 
uted through  the  mass  of  the  facula,  or  confined  to  its  outer 
portion,*  but  I  by  no  means  consider  it  proved  that  the  spectra 
of  faculae  do  not  contain  the  bright  H  and  K  lines. 

leaving  for  a  moment  the  question  of  faculjc,  let  us  next  con- 
sider whether  prominences  i)rojected  on  the  solar  disc  should  l)e 
rendered  visible  by  the  s])ectro-heli()graph.  The  reasoning  which 
has  already  led  us  to  the  conclusion  that  the  nearly  continuous  ■ 
reversals  of  the  H  and  K  lines  on  the  disc  originate  at  tlie  base  of 
the  chrtmiosphere  would  seem  to  apply  with  greater  force  to  the 
base  of  ])roniinenccs,  for  here  the  H  and  K  lines  are  apparently 
brighter  than  in  the  surrounding  chrom()S])bere.  And,  in  fact,  I 
have  ]>reviousIy  shown  tliat  certain  outbursts  on  the  solar  disc, 
which,  there  is  every  reason  to  believe,  are  true  cru])tive  ])romi- 
nences,  have  been  photographed  at  the  Kenwood  Observatorj' 
with  the  spectro-heliograph  (see  Astronomy  an'i>  Astko-I'hysics, 
1S92.  J).  611;  ibkl,  \t.  920,  Plate  xlvi.,  photographs  of  the  erup- 
tive prominence  of  July  Ifi,  1892;  ibid,  1893,  ]>.  454-).  Such 
brilliant  outbursts  arc  (|uite  exceptional,  only  seven  having  been 
found  in  over  two  thousand  spectro-heliograms. 

While  it  is  thus  certain  that  some  prominences  can  be  detected 
on  the  Sun's  disc,  it  is  equally  certain  that  others  cannot.     Since 

*  It  may  even  Ik?  tliat  tlic  liiii-s  <)ii>;in;ilc  in  tlic  tliromusjilierc  overlyitiy  tile 
tiiculiv.  Ill  this  i-ase.  the  imrtfisfil  l)nf.'litiichs  of  tlie  lines,  ris  eDrnpartti  with  their 
lirifiliiness  ill  other  j»nrts  «r  tlie  cliritniosiilicrt,  would  hiive  t<i  be  iiccoimled  tor. 
Any  sueli  brightening,  it  due  lo  the  fjuular,  woulrl  in  all  ]»rijbal>ility  Iw  ennfiiicd  to 
those  parts  ol  the  cliromo.tpbere  immediately  overlying  the  lacuhe.  so  tlial  the 
forms  of  the  latter  wotdd  .still  Ije  obtained  in  spectro-heliograms. 


January,  IS!)^,  briglit  rcjjions  in  whicli  Xht  II  and  K  lines*  are  re- 
versed have  been  found  only  in  the  snnspot  xones.  Not  Imvins 
lUvess  to  our  records,  I  cannot  give  the  northern  xind  Routbeni 
boundjirieti  of  this  fnculnr  zone  with  accuracy,  but  I  do  not  think 
wc  have  photogrnphed  A  single  bright  calcium  region  moi-e  than 
711""*'  nortli  orsoiitli  of  the  e(]unlor.  Fhiring  the  name  jwriod  our 
photographs  have  sh(»wn  great  numbers  of  prominences  of 
higher  latitude  than  70",  and  prominences  have  not  been  uncom- 
mon in  tlie  near  vicinity  of  the  poles.  Thus  there  arc  bright 
prominences  which  give  no  indication  of  their  presence  when  pro- 
jected on  the  disc,  for  by  no  flight  of  the  imaginarion  could  the 
small  and  evenly  distributed  incahes  of  ihe  facular  reticularion  be 
8uppo8«]  to  represent  the  bases  of  such  large  and  brilliant  promi- 
netiecg.  In  the  face  of  this  difficulty.  I  prefer  to  wait  for  further 
evidence  before  adopting  the  conclusion  that  quiescent  promi- 
nences in  the  sunspot  xoucs  can  be  photographed  when  projected 
on  the  disc. 

M.  Deslandres  has  suggested  that  the  reversals  of  calcium  on 
the  solar  disc  be  called  '^Aummcs  (hcalaircs.  nom  cpti  est  en  ac- 
cord avec  Ics  fnits.  ct'  cvitc  toutc  ambiguitc."  {Knowtcdgc,  De- 
eemher,  1893,  p  231  ;  Comptcs  renrlus,  Xov.  27,  1893).  I  regret 
that,  for  the  following  reasons,  I  cannot  consistently  adopt  this 
name: — 

1  -  The  use  of  the  identical  term  "flame."  commonly  cmploycH 
to  describe  one  variety  of  chemical  combination,  is  ohjcctionuble, 
because  we  do  not  know  that  the  solar  and  terrestrial  phenoro-j 
ena  referred  to  are  in  any  way  similar. 

2.  I  have  offered  evidence  to  show  that  many  fnculn.*  are  nnt 
cox'cred  by  (ironiinences,  hut  themselves  give  the  H  and  K  lines. 

S.  Even  if  it  cotdd  l>e  shown  that  all  facuire  are  covered  hy 
prominences,  it  would  seem  unnecessary  to  i-eplace  the  well- 
known  term  "prominence"  by  a  less  satisfactory  synonym    , 

For  the  present,  if  one  does  not  wish  to  commit  hinuielf  by 
speaking  of  facuL-e  and  prominences  r>n  the  disc,  the  general  term 
"calcium  reversals"  may  perhaps  be  used,  though  it  is  not  alto- 
gcthcr  free  fr<mi  objection. 

As  to  the  clcclric  origin  of  the  bright  H  nnd  K  lines  in  the  Sun. 
(IVslanores,  lac.  cit.)  it  seems  to  me  that  the  merely  negative  evi- 
dmcc  at  onr  disposal  is  nut  a  safe  foundation  on  which  to  build 
an  argument.  It  is  true  that  the  hydrogen  spectrum  li;is  not 
hitherto  been  obtained  in  the  laboraton.'  by  the  simple  cflixt  of 
heat,  hut  it  does  not  follow  that  tin's  gns  would  not  give  a  spec- 
trum of  bright  lines  when  subjectcfl  to  solar  conditions.    The  H 


anil  K  lines  of  calciam  had  not  been  ubtainifd  arttlicianT  withnut 

»'  '  il  I  succcedrd  in      '  '      ^   their  fn-hle 

ilamcs  (see  AsTt  i  k<>]*hvmc»*, 

latfS,  p.  453).    At  solar  teoiperatures  Uies«  ratlinlions  inny  he 

'\  tljc  t;i:    '      '  -liift  lowar'!  "'  '■       if 

•    y  in  tiK  in  gpcvtnim  i-  i 

incrcascii  tciupcratures  renders  9t»ch  «  strcngtbcutng  prubablc. 

Whtk  it  «eems  quite  possible,  and  even  prubable.  tlint  electri- 
city pinys  some  part  in  salnr  piieiionieiin,  tlic  cviilmce  u|Hin 
which  to  boBC  any  verv  positive  statcntentsappcars  to  he  Iackini< 
Before  passing  on  tu  the  <ltscu!^ion  of  cenniii  practiL'iil  <juc^' 
>na,  important  in  connection  wit))  future  invt%tigauon»i  ot  ihv 
Sua,  let  us  snm  op  some  of  the  conclusions  to  wliicb  we  have 
been  led. 

The  lacula;  iire  the  elevated  regions  of  the  photosphere.  Thej 
form  on  irregular  reticulatioo  over  the  entire  surface  of  the  Sun.* 
and  in  the  sunspot  zoavs  appear  as  irregular  bright  regions  of 
varying  extent.  The  spectrum  of  the  fnculce  xfi  similar  to  the 
icral  spectrum  uf  the  Sun,  but  is  somewhat  brighter,  and  cun- 
thc donblv-revcrscd  calcium  lines  11  and  K.i  The  hot  ciil- 
dvtn  vapor  from  which  these  lines  emanate  mav  l>e  iliffusetl 
throughoat  the  mass  of  a  faculn,  or  confined  to  its  upper  surface. 
In  tlw  latter  case,  the  hnse  of  the  chromosphere  and  the  upi»er 
sarface  uf  the  facula  would  practically  coincide  The  white-boi 
particlev  giving  a  continuous  spectrum  would  ordinarily  t>e  f(>und 
in  the  faculn  proper,  and  (more  sparsely  scattered)  in  the  lower 
region  of  the  chromosplterc.  Eruptive  prominences  are  closely 
related  to  faculie.and  probably  rise  from  them.  It  thus  occasion- 
nlly  liai>j>en-i  thai  a  violent  eritpiton  carries  s<ime  of  the  whilc- 
hot  pnrticles  to  a  considerable  distance  iibove  the  photontphei'e. 
In  sncb  a  case  the  prominence  ^ives  a  continuous  spectrum  in  ad- 
dition to  its  bright  lines.  While  some  fncnln;  arc  covered  by 
iwomincnec*.  others  do  not  appear  u>  be  so  cowred.  Certain  ex- 
nrptionnlly  bright  eruptix'c  prominences  have  tieea  photogrnpbcfl 
prnjeciion  on  the  solar  disc.  Ordinary"  pmmiiiencfs  in  the  re- 
in of  the  sun's  poVs  are  not  slmwn  in  siJcclro-htliogratii)*, 
SaniiiKits.  even  in  their  centra!  parts,  seem  to  be  covered  by  tl>c 
li  -iihcrv  (or  by   ovcrh.'inging  prominences).     The  chromr*- 

'i  ■  ■!' prommenccii^  is  »n.TpientIy  so  bright  as  In  coinplclfly 

bide  small  .s|m>is  in  sficctrn-hcliogrftms. 


t  The  \rw*  fcfinfiKilitc  livdroiirn  Imrs  mity  nif  t  'k  prcKiii,  liitt  unilvr  nnliiiuiy 
tiHMUiioft*  thcY  AT*  toit  Cntni  u>  Ut  TWngnlxtd. 
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The  Solar  Faculie. 


As  M.  Deslandres  has  discussed  the  instruments  and  methods 
employed  in  my  photographic  investijjations  oi  the  Sun,  I  may 
perhaps  be  allowed  to  express  an  opinion  as  to  the  most  advan- 
tageous manner  of  continuing  these  researches. 

The  spectro-heliograjjh  used  in  the  greater  part  of  my  photo- 
graphic work  has  a  pair  of  slits  arranged  to  move  in  the  focal 
planes,  of  the  collimator  and  observiup  telescope  of  a  large  dif- 
fraction spectroscope,  attached  to  a  12-inch  cqu.'itorial  refrac- 
tor.* It  has  proved  itself  a  tlioroughly  jiractical  instrument,  and 
from  two  to  twenty  or  more  photographs  of  the  forms  of  prom- 
inences and  calcium  reversals  have  been  made  with  it  on  every 
clear  day  (with  few  exceptions)  since  January,  1892.  Neither  my 
assistant,  Mr.  Ellernian,  nor  myself  hiivc  exiierienced  any  diffi- 
culty in  using  a  second  slit  0.005  inch  wide,  and  this  width  could 
bedecreased  wcreit  considered  desirable.  Ity  increasing  the  width 
of  the  second  sHt  and  making  a  series  of  photograplis  of  the  K 
line  at  various  points  on  the  solar  disc  with  the  slit  stationary, 
the  character  of  the  double  reversals  can  be  studied.  This 
metho;!  of  sucfess>:iive  sectioii-j,  which  I  first  cniployerl  in  1891, 
seems  to  ae  quite  as  convenient  as  that  us-.-d  by  M.  Deslandres. 
As  the  slits  nkvays  move  together  there  are  no  troublesome 
adjustments  to  be  made  by  hnnd. 

But  after  studying  and  experimenting  with  ft  great  varief^'  of 
instruments,  1  came  to  the  conclusion  early  in  the  year  1893  that 
a  spectroscope  with  collimator  and  observing  telescope  parallel 
(or  nearly  so)  to  each  other,  and  slits  fixed  in  the  axis  of  each, 
the  whole  instrument  being  arranged  lo  move  on  wlieels  at  right 
angles  to  the  axis  of  the  large  telescope,  would  possess  i:npor- 
tnnt  advantages  over  all  other  forms  ot' spcctro-hclittgi-apli.    An 


The  question  raised  liy  M.  [>es]nnclres,  in  regard  to  tlie  best  dis- 

IKrsiun  to  ertijdoy,  is  »  nioKt  ititerestinj^  fititl  impLirUiTit  yne,    On 

llkr  one  hami,  ii  IwIjIc  tlisiH-rsion  wouUt  seem  tu  oiler  iniportunl 

fitlvftntagfrs  on  account  nt  the  narrowness  of  the  K  line  and  the 

jsrrcuter  bri)jhtiic»»  of  the  iriiawi*.    On  tbe  other  hand,  it  must  not 

l»c  forgotten  ih.-tt  the  honler  iletnils  of  the  revensuls'  may  be  lost 

if  titc  di!«pcn<tott  ih  inNutiicicnt-    M.  Dctfliindres  recu^izcn  this 

foci  when  he  st.'i(L-s  thill  ihrt'Neeatitigly  faint  (land  K  rever«nlH 

in   the  }{enernl  s]ii-i.triini  of  tht*  Sun  are  best   r)btHtiicd    with  a 

" Bpcctroscopc  iniiss.'int"  {Karnyic(fgc>  December.  18U3.  p.  231); 

nnd  nKatn.  when  he  remarks  tliat  for  llic  slutlv  uf  ibe  details  of 

tbc  revci>;ils  on  the  solar  dise  "unc  ^^r^mde  dis|)ersion  est  ncccs- 

Mirv"  {iiiiti,  p.  232J.    This  advantage  uf  hi;:fh  dinperKion  is  due 

to  the  hiL'i  that  the  width  uf  the  brijrht  lines  is  nnl  iiniportiounl 

to  the  ibsper>;i<Mi.  at  least  njj  to  a  certain  hmit.     If  by  doidding 

ttte  dispersion  the  lines  were  doubled  in  width,  there  would  evi- 

ileiiUy  be  no  chiiuKc  In  iheir  briKlitaess  as  compared  with  the  ao- 

Inr  sptvtrum   in  which  ihey   He.    Hut,  wiihin  certain  limits,  the 

hri}!lilni-»R  of  the  lines  with  res^KCt  to  the  snlnr  spectrum  In- 

■-<   wiih   the  il'spcr^ion.    It   is  evident,   therefore,   that   we 

iMit  employ  loo  kvble  a  disiwrsion.     I  have  found  the  fourth 

Hcrstiectrurti  tif  a  Rowland  j^ratinf*  (14.438  lines  to  llic  inch) 

rv  jinltablc.  tlioujih  I  Rhonhl  have  preferred  |»rii*ms  had  circum- 

iQCfs    peraiiUcd    their   \\s^:.     The   T*t-|iaratinii    of  the    11   and   K. 

nt   the  ffvcuH  of  the  observing  telescope,  where  the  photo- 

'ii       ^  I      is  tdaced,  i-*  nine  mil  timet  res,     M,  Itcslnndrcs  uses 

III.   irivia_e;  a   separation   of  H  aad    Iv  of  uvo  ndlli- 

atetTcji,  iitid  niM>pnlie^  the  tmn)*c  of  the  second  slit— and.  conse- 

'    ■'■■<,  the  widlh  of  tin:  K  line — three  diameters.     The  rcsallinK 

lion  of  It  nnd  K  on  his  photographic  ylatc  would  thus  l)c 

^limetrcs,  nnd  the  width  of  the  K  line  two-thirds  the  width 

k  line  in  niy  instrnineal.  if  the  line  were  supposed  to  have 

[h   pri}]inrtioiijtl   to  ihc  dtS|HrrMi>n.     As   has  already  Ikcii 

'il  oni.  tin-  width  of  n  line i:*  not  proportional  to  the disp«r- 

^n.  Ami  it- is   |irob.-tble  thai  there  ts  no  great  diflerencc  in  the 

ctivc   width   of  the  line  in  the  two  instruments.    Thus,  any 

ttion  in  re^fnrd  to  displacement  due  lo  motion  in  the  line  uf 

[bt.  width  of  the  second  slit.  etc..  wouhl  ap])ly  almosi  e<pinlly 

jH>th  cases;  but  the  greater  dispeision  of  the  grating  would  in- 

Vit  the  brightness  of  tbe  K  tine  as  contpnred  with  tlie  solar 

rimm,  and  fainter  and  more  debcatc  calcium  reversals  should 

lie  tiliirtined  by  its  means. 

It  would  probably  be  ndvisalde  to  have  a  set  of  three  prisms 


for  a  sp*ctro-liclioj;ra[ili,  so  that  one,  two,  or  three  mijz'ht  he 
used  US  occasion  re^juirctl.  The  method  of  fonning  n  magnified 
inifijje  of  ihc  second  s!ii  on  the  photographic  plate,  which  we  owe 
to  Dr.  C.  Uraiin,  formerly  Director  of  the  Hnynnld  Observatory 
M  Kalocsa.  is  in  some  resi^ects  a  vAlnable  one.  Its  principal  de- 
ftvt— the  widening  of  tlic  K  line  and  the  second  slit — can  l>e 
avoided  by  enlarging  the  solar  image  before  it  enters  the  spcctro- 
heliograph. 

The  large  solar  spectroscope  which  is  to  he  used  with  the 
Yerkes  tclescoix-  will  be  siiecially  arranged  for  the  study  of  the  H 
and  K  reversals  on  the  sulor  disc.  Among  the  attachments  to  be 
employed  for  this  purpose  will  be  a  pair  of  long  slits,  arranged  to 
move  in  the  focal  planes  of  the  collimator  and  observing  teles- 
cope. The  method  of  photographing  the  K  reversal  in  successive 
sections  of  the  disc  will  thus  !<  similar  to  that  bitlierto  employed 
with  the  Kenwood  Observatory  spectro-beliograph,  but  the  ex- 
posures will  be  made  automatically  by  an  electrical  device  con- 
trolle<l  by  an  astronomical  clock.  As  !  have  already  ren.arked, 
the  spcctrohcliograph  for  the  Yerkes  telescope  will  be  arranged 
on  another  plan. 

Bkkun.  Dee.  19.1893. 


ON  TWO  GREAT  PROTUBERANCES.* 


}.   rliNil.  ».  J. 


On  the  19th  and  'JOth  of  Scptembor.  1893. Ihad  an  opportunity 
of  <>bserving  two  protuberances  which,  on  nccount  of  their  enor- 
mous size  and  motion  and  their  occnrrence  within  the  same 
twenty-four  hours,  ore  of  great  intere«t  in  the  theory  of  these 
phenomena . 

The  first  one  was  found«on  Sept.  19,  2  p.  m.,  Crreenwich  mean 
time,  as  a  bright  proUiberance  on  the  west  limb  of  the  Sun,  in 
position  angle  271'  14'  to  278  0'.  /.  e.,  in  —  17°  0'  to  -  23*'  2G' 
heliogrnphic  latitude.  The  entire  mass  already  betrayed  a  large 
motion  in  the  line  of  sight.  At  the  lower  p.nrt.  at  278°,  the  spec- 
tral light  spre.id  out  toward  the  red;  but  the  entire  remaining: 
mass  showed  a  much  more  rapid  motion  toward  us,  by  a  dis- 
placement in  the  direction  of  the  b)ue  end  of  the  s]x-ctnim  (Fig. 
1).    At  2''  12°'  I  measure!  this  displacement  with  a  lilar  microm- 

*  Tmumliitrc]  Irrim  ilic  nriK<"'tl  cumin uniim led  tiv  the  uuttMxr.    (•vnnaii  rco- 
grniihiml  milra  Imrc  Itrm  mItK'cJ  ■<>  lin^lisb  tnilcK. 


J.  Fenyi.  123 

eter,  and  found  that  the  velocity"  was  297  kilometres  per  second. 
After  completing  a  drawing  (reproduced  in  Fig.  3)  in  which  the 
lower  parts  are  carefully  drawn,  but  the  upper  somewhat  hastily 
filled  in,  in  order  to  represent  the  structure  of  the  image,  I  began 
to  measure  the  height  of  the  pj"otuberance  by  observing  its  pas- 
sage across  the  slit.  At  the  first  transit  I  obtained  a  height  of 
368".5,  and  not  in  conformity  with  the  drawing,  I  found  an  in- 
terruption in  the  image,  extending  from  the  height  of  175"  to 
294".  Nine  transits  were  observed,  in  which  the  seconds  of  time, 
were  counted  continuously  and  the  instants  of  passage  noted. 
By  this  method  not  only  were  the  intervals  between  transits  ex- 
actly obtained,  but  also  the  absolute  moments  when  the  summit 
of  the  protuberance  entered  the  slit,  and  the  intervals  of  time  be- 
tween the  separate  measures  of  the  investigation.  The  following 
table  gives  a  view  of  the  details  of  the  rise  of  this  protuberance. 
The  times  are  given  in  mean  time  of  Greenwich  to  the  nearest 
tenth  of  a  second.  In  computing  the  motions  the  figures  noted 
in  the  observing  book  were  used,  and  the  necessary  corrections 
were  afterwards  applied. 

Protuberance  of  Sept.  19, 1893. 

Hdffht  of  the  Velocity  of  Computed 

Protuberkticr  in      niicent  In  kUonie-   Acceleration  In 
RccondM  of  arc.        ten  per  lecond.      meters  per  see. 

"  per  neo. 

368.5) 

35Z»(  "'4.6 

J»3-3!  +15' 

I3('>.  I 

393-5  +  '6'3 

214.0 

408.2  +  .l<i6(i 

406.0 

439.0  -  1204 

465.7  -  joSo 

103..) 
474.5  +2235 

24>).  I 

49S.O 

In  the  computation  1"  at  the  limb  of  the  Sun  was  taken  to  be 
724  kilometres. 

The  protul>erancc  therefore  rose  129". 5  in  7"'  17''.8.  l-'roiu  this 
we  get  for  the  mean  velocity  of  ascent  212  kilometres  or  132 
English  miles  i)er  second.  The  greatest  observed  height  rcat:he(l 
8'  18".  or  0.520  of  the  Sun's  radius— in  absolute  measure  224,000 
miles. 

Before  I  measured  the  height,  I  endeavored  to  iiuike  ii  faithful 
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sketch  of  llie  form  of  the  itrnmiiitm-e,  but  in  spite  of  all  my  cart 
the  Urawiiig  liail  little  vjilue,  on  iiccotint  of  the  rapi<l  chan^  of 
iheubjcfi;  however.  1  hnd  an  opporinnity  dnrinj^  the  M'orlt  t<» 
observe  the  sirueiure  mid  the  ehan^es  of  form  in  some  detail. 
Throu^tiuut  the  whole  course  of  \is  n^i|icarnnce  the  entire  object 
contiisleii  simply  of  very  bright  luminous  bnndfi  or  striiw  neat- 
tered  one  after  imoiher  in  rnjiKwl  tornis.  tun)  Jip|MirenlIy  tying 
neiirly  at  rijjhi  jinnies  to  the  limh  of  the  Sun  ( Fij;.  3).  They 
wcfc  strikingly  brijrht  even  in  the  lii^hest  parts  nf  the  pronii- 
neiicc.  The  fomi  as  a  whole  was  also  like  a  itnnd  or  stripe,  which 
bad  no  pronounced  inehnntinn,  liut  stood  erect  nearly  in  the  di- 
rection of  the  Sun*s  radius.  The  whole  enunnous  structure  had 
a  larjuc  motion  towan)  ns-  In  the  observations  of  tnnisits  al- 
ready mentioned,  the  summit  of  the  pro  tuber  t»  nee.  when  it  came 
into  view,  was  outside  the  image  of  the  slit,  and  the  displacement 
contitmed  as  far  as  the  chromosphere.  The  amount  of  the  dis- 
phieement.  which  was  subject  to  nuaierous  fluctuations,  was 
about  thesnme  as  when  1  measured  it  in  the  lieginning  with  the 
micrometer,  and  therefore  represented  a  velocity  toward  ns  uf 
abonl  aoo  kilometers  jwr  second.  At  2''  SO'"  nothing  more  was 
to  Ix-  s«.*n  of  the  whole  gigantic  strticture  than  a  small  prutnber- 
aiice.  whose  height,  according  to  nii  cstinuiie,  was  about  3f>", 
The  eruptive  metallic  line  A  667r  was  seen  bright  in  the  cliromo- 
sphere  frtnn  286'  to  275*^.  A  group  of  faeuhe  was  going  over  the 
limb  of  the  Snn. 

Now  it  is  very  remnrkabte  that  although  these  eruptive  phe- 
nomeim  were  displayed  with  most  iinitsunl  magnificence,  so  that 
even  in  this  year  it{  lu-ighiened  solar  activity  they  were  then 
without  Ji  parallel,  on  the  verv'  nest  day  there  should  oeenra  still 
mightier  eruption  at  a  ]>lace  nearly  opposite  to  thai  of  the  first. 
This  time  the  wbole'occurrence.  from  iK.-ginniiig  to  end,  wns  dis- 
played l)cforc  my  eyes.  It  was  ii  few  tninntcs  before  9'*  on  the 
20th  of  September  when  I  saw  a  singular  bright  form  in  pnsitian 
angle  ll.V.Sfi'—  112^'  32', which  was  produced  by  displacwl  spec- 
tral light,  and  was  therefore  outside  the  image  of  the  slit  (Kig. 
2).  Its  unustially  diH'nse  aspect,  and  esptx*ially  the  circumstance 
that  there  was  no  protuberance  standing  on  that  place.  induetH! 
me  to  regard  the  appearance  more  attentively,  and  to  measure 
its  position.  While  I  wns  doing  this,  and  preparing  to  measure 
the  consideraldc  <lisplneemcnt  towards  the  red.  a  very  strong  and 
unusually  lirilbant  arch  arose,  which  likewise  showed  a  consider- 
able displacement  toward  the  red  end  of  the  si>ectruni.  Acconl- 
ing  to  two  measurements  with  the  filar  micromet<;r  the  displace- 
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ment  corresponded  exactly  with.a  velocity  of  255  kilometres  per 
second. 

In  the  mean  time  the  circumstances  had  entirely  changed.  In 
the  few  minutes  during  which  I  was  occupied  in  the  manner  al- 
ready referred  to,  a  mass  of  prominence -forms  had  arisen  on  the 
part  of  the  limb  between  102°  and  118°,  and  in  the  middle,  at 
107°  IG'  to  112°  0',  towered  the  brilliant  prominence  which  is 
the  subject  of  the  following  measurements.  .The  rapidity  of  its 
development  allowed  no  time  to  make  a  drawing,  and  a  rough 
sketch  which  was  made  in  the  greatest  haste  is  without  value. 
It  will  perhaps  be  sufficient  to  remark,  in  this  connection,  that 
this  protuberance  was  strikingly  similar  to  the  one  already  de- 
scribed, not  only  in  its  outline,  but  particularly  in  its  band-like 
structure.  The  direction  of  the  whole  eruptive  stream  was  like- 
wise sensibly  coincident  with  the  Sun's  radius.  I  now — at  9''  7'" — 
hastened  to  measure  the  height  of  the  already  enormous  mass  by 
obser\'ing  its  passage  across  the  slit,  in  the  manner  described 
above.  During  the  eight  transits,  each  of  which  lasted  from  37 
to  60  seconds,  I  had  time  to  include  several  conspicuous  inter- 
mediate points  in  the  measurements.  The  first  transit  gave  a 
height  of  8'  6"  or  352,000  kilometres.  As  this  height  xj-as  at- 
tained in  about  12  minutes,  the  mean  velocity  must  have  been 
4-88  kilometres  per  second,  a  result  which  is  in  tolerable  accord- 
ance with  subsequent  exact  measurements.  The  following  table 
shows  the  progress  of  events  during  the  eight  transits. 

Protuberance  of  Sept.  20,  1893. 

lIciKht  rif  the  Pmlu-     VcliK'ity  urnsccnt     Ci-mpiitfil 
tii-raiKX  in  iiTiinils  in  kilumtters      Ai-i-ek'rnlii'ii  in 

iif  nn-.  ]nr  sii-iinrl.         meters  |k;t  -it'o. 

in-r  Htc. 

2St 

505-5  I    2904 

55^-'  -    255 

570.7  --    l.}2W 

3+7 

5c(c).4  —  2St«) 

ryi 

015.0  -|-  474H 

49» 

664.5  —   .i-^HrJ 

262 
690.6 

From  this  we  see  that  the  protuberance  finally  reached  the 
enormous  height  of  11'  30". 6,  or  0.722  of  the  Sun's  radius,— in 
absolute  measure  500,000  kilometers.    In  an  interval  of  7'"  4". 9 
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204". 6,  from  which 


:raiux  rose  :if»+".ti,  trom  which  we  ohtnin  an  iiniJnalit 
cdly  com-ct  niciin  velodtv  of  214-  miles  (kt  second.    The  miixi* 
miim  tibst-rvrtl  velnticy  was  .'lOU  miles. 

This  protuberance,  Itl<c  the  fir«t,  showed  tlironghotit  its  t'litirc 
heij(ht.  (i.  e.,  thrr>ughout  its  jmssnge  across  the  slit),  a  dispUice- 
nieiit  lownrd  the  red,  which,  according  to  two  niensurcmcnis, 
corresponded  to  a  tiiotion  of  from  150  to  150  mites  in  a  direc- 
tion away  from  the  Earth. 

After  y"  lo""  the  sky  became  cloudy;  but  the  dissolution  of  the 
prominence  had  already  set  in.  The  last  two  transits  were 
already  somewhat  uncertain  on  account  of  the  faintness  of  its 
highest  parts. 

The  occurrence  in  the  same  24  hours  of  two  such  vast  and  in- 
frequent outbreaks  in  the  ;;aseous  envelope  of  the  Sun  is  very 
suqirising.  In  the  course  of  my  observations  of  the  Sun's  limb, 
which  are  made  daily  whenever  possible,  I  have  met  with  no 
similar  occurrence  in  the  \vh<ile  of  the  present  year  (1893).  In 
tins  period  of  increased  s^ilar  activity  protuberances  of  70" 
height  are  to  be  found  every  day.  and  those  of  120"  are  not 
infrequent.  The  greatest  heights  observed  in  this  year,  exclusive 
of  -tliotjc  now  nnder  consideration,  were  260"  on  March  2R,  21G" 
on  June  29.  and  294"  on  Sept.  23.  When  therefore  as  in  this 
case,  heights  of  498"  and  61)0"  are  rcachedf  and  enormous 
motions  are  cxhiliitcd.  by  prominences  which  arc  separated  in 
time  by  an  interval  of  only  10  houre,  we  arc  led  to  suppose  that 
these  two  estraordinury  apparitions  have  some  real  though  per- 
ha])s  remote  relatii>nship.  This  view  has  support  in  the  cir- 
cumstance that  the  prominences  were  situated  on  nearly 
diametricjilly  opposite  parts  of  the  Sun,  and  were  similar  in  form, 
stniciurc.  and  progress  of  development.  Both  appeared  to  con- 
sist simply  of  bright  hands  or  stri[js,  and  seemed  to  shoot 
upwards  fiery  streams  of  matter  which  were  not  sensibly  inclined 
to  the  Vertical,  (leaving  out  of  consideration  the  niotitm  in  the 
line  of  sight),  and  which  did  not  spread  out  at  a  great  height; 
while  eruptions  observed  in  other  years  presented  qnite  different 
forms  and  cources  of  devchjpmcnt.  Some  emphasis  might  also  be 
laid  on  the  fact  that  both  were  very  bright  up  to  enormous 
heights.  In  the  sketch  of  the  first  prominence  it  was  noted  that 
the  brilHancy  was  extraordinary  half  way  to  the  siinnnit.  On 
observing  even  the  last  transits  on  the  20th  of  September,  the 
image  was  bright  at  a  height  of  from  351"  to  637"  —  only  the 
upper  part  was  faint.  Aletalltc  vapors,  which  were  indicated  in 
the  l>a8C  of  the  first  jirotabcrance  by  the  presence  of  the  eruptive 
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line  ^  (i677,  were  nnt  noticed  in  llic  base  of  the  stecond.  At  that 
phioc  on  the  anrfiicv  of  tlie  aim  no  hinitnuns  frirm  conid  be  recop. 
ntzcd  which  (.-oiiUl  I>c  considered  as  rclatwl  in  thi*  criiptiun. 

Wlien  we  rcj^nrd  ilicsc  «p{icnrancesin  their  entirety  and  in  de- 
tail, and  seek  ii)  uiidenttnnd  their  nalnrc,  we  niny  well  find  onr- 
seK'tii  ill  donht  whether  \vc  erin  rejjnrd  them  as  ijrodtieed  ttin)]ily 
by  tlic  tncchnnical  motion  of  matter:  we  feel  driven  to  ansume  an 
appnrenl  nioiion.  hnving  its  orij^in  in  the  rapid  pmii.iKntion  nf  n 
pbysieal  (ir  chemical  pr»>ee8S.  TlieKiniplcsi  rt'iirescntation  n/  the 
apfiearnnees  which  have  been  described  ts  oflered  in  the  theor>*  of 
H-  Brcstcr,  which  regards  the  prominences  ns  nnthin)^  more  than 
the  luininouR  condiiion  of  that  part  of  the  SunVganeouB  envetiifw 
where  the  dittsoctnted  elements  of  liydrugen  are  cooled  down  to 
the  point  of  recomhinolion.  We  nm<it  confess  that  not  only  do 
the  enormons  velocities  observe*!  in  these  prominences  find  a  wel- 
come explanation  in  this  theory,  bnt  that  the  details  of  the  devel- 
opment  and  the  bnniiefl  structure  are  broiipht  into  better  accord. 
The  eloud-likc,  lattereil  structure  of  protuberances  in  general, 
«nd  esivccinlly  the  often-ohscrved  process  of  dissoUttion,  which  is 
almost  perfectly  like  that  of  our  own  clouds,  would  be  exactly 
whnt  we  should  exiH*ct  n«  a  consequence  of  stich  local  explosions 
or  luminous  outbreaks  in  the  Sun's  gaseous  envelope.  The 
ibeorj-  has  nnlurally  many  iliflicidtics  to  encounter  which  t  can- 
not enter  Into  here.  1  may.  liowever.  lie  allowed  to  point  oot 
Cine  ni^^mcnt  that  dctnon^ttrateH  the  impossibility  of  regarding 
as  succcsstiil  any  of  the  attempts  yet  made  to  explain  the  great 
tnottcintc  of  the  prominences  us  the  propagation  of  a  Ititniaous 
condition:  and  thot  is  the  nndoubled  fact  of  the  displacement  of 
spectral  lines,  which  re(|uires  the  iL»Humptiun  of  motitms  :in  great 
as  thofe  which  arc  directly  observed  in  the  rise  of  prominences,  1 
rrgani  itiui  im[Kiusi)(lcthat  a  dtS])|accnientof  tbespectral  linrscan 
be  produced  by  the  mere  advance  of  a  physical  or  chemical  pro- 
cess without  a  progressive  motion  of  the  light  emitting  molecides 
which  constitute  the  mass.  By  accepting  such  nn  explanation  as 
Chiii  we  should  leave  the  Hnn  ground  of  experience  without  hav- 
ing" any  support  whatever  from  theory. 

Before  we  can  assume  an  explanation  of  this  kind,  it  must  lie 
shown  that  in  such  progressixx  explosions  the  molecules  have  at 
least  a  iemi>orary  motion  in  the  directicm  of  propagation,  corres- 
ponding in  amount  to  the  enormous  velocities  found  by  observa- 
rion.  Moreorer,  the  direct  proof  that  a  ilisplaceinent  of  the  spec- 
tral lines  takes  place  in  explosions,  in  a  manner  determined  by  the 
direction  of  propagation,  is  not  without  the  province  ofcxpcri- 
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ment.  If  the  explosion  of  our  known  gaseous  combinations 
takes  place  at  the  rate  of  only  a  few  kilometers  per  second.the  ve- 
locity of  hundreds  of  kilometers  in  tne  Sun  may  well  be  ascribed 
to  the  greater  heat  there  or  to  the  nature  of  the  dissociated 
atoms ;  a  displacement,  even  though  a  minute  one,  must  therefore 
be  demonstrable  by  experiment  in  our  laboratories.  The  infre- 
quent strongl_v  disturbed  prominences  could  then  be  regarded  as 
explained.  It  would  then  be  the  turn  of  the  common,  quiescent 
prominences,  which  all  day  long  may  be  seen  floating  high  above 
the  limb  of  the  Sun,  without  undergoing  an3'  important  changes. 
Since  the  assumption  of  electrical  forces  only  embarrasses  ex- 
planation in  a  province  which  is  still  obscure,  we  must  confess 
that  the  nature  of  the  solar  protuberances  remains  an  open  ques- 
tion. 


ON    A    CERTAIN    LAW    IN    T^E  SPECTRA  OF    SOME   OF    THE   ELE- 
MENTS.* 


C.  RUNUE. 

The  list  of  standard  wave-lengths  lately  published  by  Rowland 
in  Astronomy  and  Astro-Physics  includes  several  of  those 
doublets  and  triplets  of  lines,  whose  width  and  distribution  has 
been  studied  by  Prof.  Kayser  and  myself  It  is  of  interest  to  in- 
quire whether  Rowland's  most  exact  measurements  confirm  the 
law  that  the  doublets  or  triplets  of  the  same  series  give  the  same 
difference  of  oscillation-frequencies.  In  the  following  table  I  have 
collected   all  the  instances  and  I  only  regret  that  they  are  not 
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X 

l/A 

Ulflerence, 

Waigibt. 

OrwatMt 
pOMlble 

Davtdtlon 
tram 

Sodimn 

6160.970 
6154.431 

1623121U 
16248456 

17246 

14 

52 

19 

5896.154 
5890.182 

16960208 
16977404 

17196 

12 

5H 

31 

5688.434 
5682  861 

17579531 
17596770 

Mean 

17239 

10 

62 

12 

i:  17227 

Magnesium  5183.792 
5172.871 
5167.501 

19290897 
19331625 
19321714 

40728 
20089 

7 

7 

74 
74 

11 

11 

3838.430 
3832.446 
3829.606 

26062318 
26092996 
26113035 

Mcai 

40678 
20039 

2 
2 

136 
136 

39 
39 

n: 40717 

20078 

Calcinm 

6162.383 
6122.428 
6102.891 

16227489 
16333389 
16385677 

105900 
52288 

14 
14 

53 
54 

2 
28 

3973.835 
3957.180 
3949.034 

25164608 
25270521 
25322649 

Mean : 

105913 
52128 

10.5902 
52260 

3 
3 

127 
128 

11 
132 

Alnminiam 

3961.680 
3944.165 

25241817 
25353909 

112092 

25 

128 

11 

3092.962 
3082.272 

32331467 
32443600 

112133 

9 

209 

30 

Mean : 

112103 

The  deviation  from  the  mean  value  is  iu  each  case  considerably 
smaller  than  the  greatest  possible  error  except  for  the  difference 
between  the  second  and  third' line  of  the  second  Calcium  triplet. 


But  eveii  here  tlie  deviation  might  be  made  smaller  than  the 
greatest  possible  error  by  giving  the  second  triplet  a  greater 
weight.  The  weight  5.5  for  instance  instead  of  3  maJccs  tlw 
mean  52243  and  the  deviations  from  the  mean  value  46  and  115 
both  within  the  limits. 

There  is  one  more  triplet  of  Calcium  lines  in  Rowland's  list, 
but  it  doc*  not  belong  to  the  ifanie  scries  ns  the  two  given  above. 
As  Kflvser  and  1  have  shown,  the  first  two  lines  of  the  triplet* 
tliat  belong  to  the  same  -wries  are  a  little  nearer  to  one  another. 
But  the  second  and  third  lines  give  the  same  difierence  of  oscilla- 
tion frequencies  in  both  series.    Rowland  has 

A  i/A  raScMficc. 

.  4435.852        22543584        __,  „- 

4425.609        225957fiO        &-ii'6 

The  deviation  of  the  diO'crence  from  the  mean  vaUie  52243  is  G7, 
while  the  greatest  possible  ciTor  is  102. 

Rowland  gives  three  more  Aluminium  doublets.  They  belonj 
to  the  same  scries  as  the  second  one  of  the  two  given  above. 
They  ought  properly  to  be  called  triplets,  for  tlie  less  refrangible 
line  is  double,  the  weaker  component  giWng  with  the  most  re- 
frangible line  the  constant  difference  of  oscillation-frequencies. 
Unfortimately  Rowland's  list  does  not  include  the  weaker  com- 
ponent, except  in  the  case  mentioned  alx»ve. 

From  the  accordance  of  Rowland's  determinations  with  the 
law  of  the  constant  difference  of  oscillation-frequencies,  one  may 
draw  two  conclusions;  first,  that  this  law  is  in  all  probability 
absolutely  correct,  and  secondlj*,  that  Rowland  has  not  otct- 
ratcd  the  exactness  of  his  measurements. 


ON  THE  MOTION  OP  C  HERCULIS  IN  THE   LINE  OF  SIGHT." 
A-  BBl.OPOl-SKV. 


1  desire  to  call  the  attention  of  spectroscopists  to  the  star 
Herculis,  (R.  A.  =  16"  37'",  Uecl.  —  -f  Sr  47';  1895),  as  it  eeems 
to  have  a  large  motion  in  the  line  of  sight.  It  is  well  known 
that  this  star  is  double;  the  principal  component  is  of  the  third 
magnitude,  and  the  companion,  whose  mean  distance  is  about  1" 

•  Translntcd  frgni  A    W.  3184.    Velocities  in  Hcnr  BelopoTskT's  article   are 

K'vcD  in  German  Reoginpliica!  miles,  usunlly  to  the  nearcBC  tenth.  They  nre  ^ircn 
ic  in  kilometers  to  the  nearest  iiuit.    As  1  geographical  mile  =  7,43  Kilamctrcs, 
Cbc  prccisioQ  expressed  is  nearly  tfac  same,— Tr. 
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bos  a  mugnitaOe  of  6.5.    The  time  of  perihelion  passage  is  to  be 
expected  toward  the  ^nd  of  the  present  century. 

It  is  impossible  to  detide  how  far  the  spectrum  of  the  prindpal 
star  is  influenced  by  that  of  the  companion,  but  it  can  safely  be 
assumed  that  with  the  slit-width  which  was  used,  and  witli  an 
exposure  of  one  hour,  no  tiacc  of  the  sixrctruiii  of  the  companion 
would  be  produced  on  the  plate.  The  deviations  which  occur  iu 
the  measurements  might  otherwise,  perhaps,  be  explained  by  ibis 
circumstance. 

The  spectrum  was  obtained  with  the  larger  spectrograph  (two 
compound  prisms)  of  the  Pulkowa  Observatory,  iu  connection 
with  the  3()-irjch  refractor.  Iron  and  hydrogen  were  used  for  the 
comparison  spectra. 

The  sky  wos  not  in  general  wvy  transparent  during  the  obser- 
vations, and  on  only  one  day,  (May  18),  was  a  |)hotogTaph  ob- 
tained on  wljich  the  lines  were  sharp  and  traceable  bxr  into  tlie 
violet,  while  on  the  remaining  days,  (May  22.  June  2.  3,  4-,  1* 
and  IG)  the  photographs  were  taken  through  thin  cirrus  clouds, 
which  strougly  absortftd  the  violet  part  of  the  spectrum. 

The  slit  was  phiccd  in  the  focus  for  the  \iy  rays,  and  the  camera 
objective  was  adjusted  by  experiments  on  the  My  line. 

It  is  an  extremely  difficult  matter  to  keep  a  star  on  the  «lit 
with  the  great  refractor,  as  the  right  ascension  and  declination 
screws  arc  arranged  only  for  rather  coarse  motions,  while  the 
pressure  of  the  finger  on  the  cyc««nd  of  the  tube  suflices  to  make 
the  spectrum  in  the  camera  disappear.  It  was  only  after  several 
mechanical  devices  had  been  added  that  we  were  able  to  success- 
folly  photograph  the  spectra  of  stars  down  to  the  fourth  magni- 
tude. 

The  spcctnAn  of  '  HcTCulis  Iwlongs  to  Vogel's  class  11,  and 
lience  it  was  possible  to  obtain  fairly  accurate  measures  of  the 
motion  in  the  line  of  sight. 

The  measurements  were  carried  out  according  to  the  Pobtdam 
method,  but  the  results  arc  not  final,  since  the  value  of  a  revolu- 
tion of  the  micrometer  has  noc  yet  been  determined  for  different 
temperatures.  The  investigations  have  not  yet  l>cen  finished. 
The  spectrograph  was  not  attached  to  the  30-inch  refractor 
until  the  beginning  nf  April  iu  the  present  year.  On  this  ac- 
count the  computations  have  &W>  n-if  bwn  made  as  rigorously 
as  at  Potsdam. 

The  followring  values  of  a  revolution  of  the  micrometer  have 
been  used : 
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At  k  430.8  /i/J  1  rev.  corresponds  to  198  kilometres. 
434.1  "  ■*  217 

438.4  "         "     232 

440.5  "  "     237 
441.5     "         "     238 


Each  of  the  spectrograms  (except  that  of  May  18)  was  meas- 
ured in  two  ways:  (1),  the  displacement  of  the  most  suitable 
lines,  referred  to  the  Hj'  line,  was  measured  according  to  the 
method  of  Vogel;  (2),  the  displacement  of  the  star  lines,  with 
reference  to  the  artificial  iron  lines  was  measured  directly. 

I  must  remark  that  the  Gcissler  tube  was  made  luminous,  (at  a 
distance  of  35  centimetres  in  front  of  the  slit),  for  only  a  short 
time  (3  to  5  minutes)  in  the  middle  of  the  exposure,  while  the 
spectrum  of  iron  was  photographed  either  at  the  beginning  or  at 
the  end. 

The  results  of  the  measurements  are  now  given,  as  follows:  The 
displacement  is  represented  by  D, 

1893,  May  18,  11"  15'"  Pulkowa  Mean  Time. 

First  Method,  D  =  —  0.309  rev.  first  series. 

D  33  —  0.307    "     Second  series,  on  another  day. 
Direct  displacement  D  =;  —  0.316    "    first  scries, 
of  Hy  line,  D  :=  —  0.323    "    second  scries. 

The  resulting  velocity  is : 

First  method  —  66.6  kilometra. 
Direct  displacement  of  the  Ky  line  —  6t»  " 

May  22,  11"  0"  Pulkowa  Mean  Time. 

First  method  D  =  —  0.356  rev.  first  scries. 
D  =  — 0.360    " 
Direct  displacement  of  the  Hy  line  D  =  —  0.393    " 
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June  2,  IV'  40"'  Pdlkowa  Mean  Tims. 

I^rrt  metfaod,  D  =  —  0.328  rev. 

Direct  displocement  of  the  Hy  Kne  D  :=  —  0.341  rev. 

*■     •'  iron  line  -I  430.8  D  =  —  0.302    " 

"     ' 438.4  D  =  — 0.325    " 

■'      "    "         '*       440.5  D  =  — 0.304    " 
'       441.5  D  =  — 0.300    '* 

The  resulting  velocities  are ; 

bT  displacement  of  the  Hy  line  —  73  kilometers, 

Ironline/.  430.8, —  60 

438.4,-75 

"       "        440.5,-72 
"  "  "       '■        441.5,-71 


Mean,  —  70 
First  method,  —  71  kilometres. 

June  3,  ll*"  5™  Pulkowa  Mean  Time. 

First  method,  D  =  —  0.289  rev. 
Displacement  of  iron  line  ,1  438.4,  D  =  —  0.290    " 
440.6,  D  =  — 0.288    " 
•;     "       "       441.5,  D  =  — 0.279    " 

The  resulting  velocities  are : 

by  displacement  of  the  iron  line  i  438.4,  —  67  kilometres. 

"       440.5. —68 
'■         '•         "       441.5,-66 

Mean,  —  67  " 

First  method,  —  62  kilometres. 


June  4-,  11''  6"'  Pulkowa  Mean  Time. 

First  mi 
Displacement  of  the  H; 

Displacement  of  the  iron  lines : 


First  method,  D  =  —  0.276  rev. 
Displacement  of  the  Hy  line,  I)  =  —  0.275    " 


A  438.4 

/  440.5 

>l  441.5 

First  scries, 

0.325  rev. 

n.320  rev. 

0.2GG  rev. 

Second  " 

n.296    •■ 

0.315    " 

0.281    " 

Third     " 

0.301    " 

0.26H    " 

Fourth  " 

0.323    '■ 

Mean 

0.314  rev. 

0.301  rev. 

0.274  rev. 

The  resulting  velocities  are : 

l>v  displHcemcnt  of  tlit  Hy  line  —  511  kilometers. 

■'     "    iron   "    X  +3W.+,    —  7H 

■'     440.5,    —71 

"    ■ 4+1.5,  —or. 


.Mean    —  67 
First  method,  —  Gil  kilometeres. 
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June  14-,  11"  4"  Pulkowa  Mean  Time. 

Pirat  method  D  =  —  0.255  rex. 

Displacement  of  iron  line  X  432.6,  D  =  —  0,271    " 

"      438.4,  D  =  — 0.254   " 

"        "      440.5,  D  =  — 0.279   " 

"  "        "      441.6,  D  =  — 0.248    " 

The  resulting  velocities  are : 

b;  dia placement  of  the  iron  line  X  432.6,  —  56  Idlometres. 

438.4,  —  59 

440.5,  —  66        " 
441.5,  —  59  " 

Mean  —  60 
First  method,  —  56  kilometres. 

June  16, 11"  10"°  Pulkowa  Mean  Time. 

First  method,  D  =  —  0.263  rev. 
Displacement  of  the  Hy  line,  D  =  —  0.265    " 

Displacement  of  the  iron  lines : 

A  432.6  ^438.4  x  440.5  ^441-5 

First  series,    0.311  rev.  0.310  rev.  0.285  rev.  0.301  «v. 

Second  series,  0.299    '*  0.283    "  0.278    "  0.296    " 

The  resulting  velocities  are : 

by  displacement  of  the  Hy  line,  —  57  kilometres. 

■'       iron  line;  432.6,-63  " 

438.4,  —  69 

440.5,  —  67 
441.5.  — 71 

Mean.  —  65 
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Displacement  of  the  Hy  and  Iron  Lines. 

I8&3. 

Obaerred  motion 

Kcductlon   to  Sun. 

Motion  relative  to  Sun. 

May  IS 

—  69  km- 

+  lkm. 

—  68  km. 

32 

—  88 

—  1 

—  89 

Jnne     2 

—  70 

—  4 

—  74 

3 

—  68 

—  4 

—  72 

4 

—  68 

—  4 

—  72 

14 

—  60 

—  6 

—  66 

16 

—  65 

—  7 

—  72 

Mean,  — 73  km. 

The  mean  of  the  two  methods  for  each  day  gires : 


1893. 

Motion  relative  to  Snn. 

May  18 

—  68  km. 

22 

—  84 

June     2 

—  75 

3 

—  67 

4 

—  66 

14 

—  64 

16 

—  69 

Muan, 

—  70  km. 

Although  the  deviation  of  each  day  from  the  mean  are  greater 
than  might  be  expected  from  a  consideration  of  the  Potsdam 
probable  error,  we  must  not  at  once  draw  conclusions  from  this 
circumstance,  for  there  seems  to  be  a  constant  difference  between 
the  two  methods  used,  which*very  probably  depends  upon  the 
aspect  of  the  iron  lines  in  measuring.  There  is  always  a  tendency 
to  estimate  the  displacements  greater  than  they  really  are.  I  did 
not  succeed,  however,  by  independent  measurements  and  by 
studying  the  arrangement  of  the  precipitated  grains  of  silver,  in 
reducing  the  differences  of  the  direct  displacements,  particularly 
in  the  case  of  May  22,  for  which  day  the  two  methods  give  con- 
siderable deviations  from  the  mean  in  the  same  direction. 

For  comparison  I  give  here  the  motion  of  a  Bootis,  determined 
by  the  displacement  of  iron  lines.  It  will  be  seen  there  is  no  ma- 
terial difference  between  my  determinations  and  earlier  ones,  a 
fact  which  indicates  the  spectrograph  was  correctly  adjusted. 

a  BooTis.     1893,  May  6,  PrLKOWA. 

Iron  lini-  /  429.9,  +  2.4  kilmiitttrs. 
432. r>,  +  4.2 

4.'1.S.4,  +  7.4 
440.,5,  +  3.3 

44-1.5,  4- +.7 


Menu     4"  ■i'"!'  kilomctrt'S. 

Keducttoii  to  Sun,  —  10.1  kin, 

Motion  relative  to  Sun,  —    5.7    ''        ^  —  3.6  Bn^liKli  miles. 


The  determinations  of  Vogel,  Scbeiner,  and  Keeler  give. 

T    —  4.4  EnKl»h  miles,    (fl  detcnn.  First  mrtbod). 

3  —  ft.a  ■■      (6     ). 

*    —  *.a         *■         •■  (3  Di»plRixnienloftbeD  line*)- 


ON   TKB  NEW  STAR   IN  AURIGA. 


H.  C.  VOCBI. 


Seclij{crt  hfl»  advanced  a  hypothesis,  founded  on  the  most  ira' 
portant  ohsei*\'ations  of  the  Nova,  which  regards  the  oeciiiTcnce 
from  sevt-ral  new  i>oiiit:«  of  Wcw,  and  is  in  many  respects  worthy 
of  careful  attention.  He  lielieves  that  his  considerations  ennblc 
him  to  avJid  the  difficulties  which  arc  encountered  in  explaining 
the  great  relative  velocities,  or  on  the  other  hand  in  the  assump- 
tion of  very  great  masses,  on  the  hypothesis  of  the  existence  of 
two  compact  heiivenly  bodies. 

In  recent  times  il  has  become  a  generally  accepted  view,  largely 
through  the  invtrumcnlality  of  celestial  photography,  that  the 
interstellar  8i)aces  are  filled  with  more  or  less  extensive  aggrega- 
tions of  very  sparsely  distribute*.!  mnttcr.  There  is  conse- 
quently no  improbability  in  the  entrance  of  a  heavenly  body  into 
such  a  cloud,  and  certainly  a  much*greater  probability  than  that 
two  compact  bodies  should  pass  at  a  very  short  distance.  "  But 
as  a  body  enters  such  a  cosmical  cloud,  its  surface  will  begin  to 
Ik  heated  no  matter  what  the  constitution  of  the  sparsely  dis- 
tributed material  may  l>e.  In  consequence  of  the  superficial  heat- 
ingi  vaporized  products  will  form  aroun<l  the  body,  which  will  in 
part  become  detaelicd  from  it  and  quickly  assume  the  vehicity  of 
the  neighboring  parts  of  ilic  cloud." 

If  observed  spectroscopically.  the  st.ir  thus  rendered  incandes- 
cent wouhl  show  two  s«|>erp08cd  spccira;  one  cutitiiiuous,  and 
in  conset|ticnce  of  the  layei  o(  glowing  vapor  in  front  of  the  iKidy 
crossed  by  dark  absorption  lines,  the  other  from  the  nature  of 
the  occurrence,  consisting  of  bright  lines.  Both  spectra  would 
be  disiilaced  in  proportion  ti*  the  relative  motion  in  the  line  of 
sight.  On  t!ie  whole  the  resulting  appearance  would  very  closely 
resemble  that  which  was  uctually  presented  by  the  Nova. 

"(if  very  great  im|K>riance,  however,  is  the  investigation  of  the 
(pic-stion  whether  we  can  in  this  way  arrive  at  a  plausible  explan- 
ation of  the  great  relative  velocit>'  indicated  by  the  two  spectra. 

'  Crititiiiucil  frtim  Jniiiinry  iiutnlicr,  |Hiur  aj. 
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On  the  approach  of  the  body,  the  cloud  would  evidently  be 
}r-  ''  <  i.rd  in  the  direction  of  approach.  Thin  lengthening,  and 
Ilk  -■  Llie  relative  velocity  of  the  individual  chjiiil-ijarticlcs  with 
respect  to  the  body,  would  grow  with  the  tncreaBJng  i>TUximity 
of  the  latter.  Without  some  definite  provision  in  regard  to  the 
structure  of  the  cloud,  it  is  diftieuU  io  give  any  detailed  re|>ret(cu- 
tatjon  of  the  phenomenon  that  will  ensue,  and  we  must  content 
ourselves  with  coiisideriuK  some  siwcial  case  which  will  allow  of 
cloM-r  iuvtrstigatton.  If  wc  asstinic,  for  example,  that  the  (tepar- 
«te  twt**^'^*  ^^^  '''c  cloud  nrc  in  j^cneral  influenced  only  by  the  at- 
traction  of  the  body,  they  will  describe  hyperbolas  around  the 
latter  with  its  center  as  focus.  Their  ffreatent  relative  velocity 
\siU  diminish  rapidly  with  their  distance  from  the  body  so  that 
the  neighborhood  of  the  latter  will  be  filled  with  particles  having 
very  difTcrcot  velocities.  It  is  easy  to  sec  that  no  extravagant 
oASumptton  is  required  to  obtain  very  great  velocities  for  the  par- 
ticles which  pass  ch>sc  to  the  surface  of  the  body. — velocities  such 
m  have  been  proved  to  exi»t  in  the  case  of  Nova  Aurigie,  and  tliis 
eircn  when  the  initial  velocity  of  the  particles  is  very  small.  It 
ftha  follows  from  what  has  lH:eri  shown  above,  thai  the  s|K.'clral 
hnes  of  particles  m<jviup  au'ay  from  the  body  with  sucli  different 
velocities  must  Iw  greatly  widened  ;  moreover,  not  only  is  not  the 
lilightcst  difficulty  encountered  in  explaining  the  ditTercnt  bright- 
ness of  various  parts  (if  these  lines,  bat  the  existence  of  such 
maxtina  of  brightness  follows  as  a  necessary  consequence.  This 
point  dracs  not  seem  tn  me  to  be  unimportant  since  it  cannot  be 
detluced  Irom  the  hypothesis  of  the  close  passage  of  two  compact 
mosvs,  but  leads  to  the  ver>'  improbable  at<«untption  that  there 
nre  several  moving  bodies  of  this  kind, 

"As  long  as  tile  body  moves  within  thecosniical  cloud.  Cheap- 
penrnnces  just  drscrified  will  be  continually  reproduced,  and  it 
foHow!)  that  the  oliaractcristJc  features  of  the  specLrum.  apart 
from  minor  changes  ilelennined  by  all  the  circunistjinces  <»f  the 
ca»e,  must  as  a  whole  remain  unchanged  for  a  considerable  time. 
.  .  ,  It  is  also  not  Kurpnsiiig  that  during  tluK  time  the  bncbtiieSH 
Of  tiK'  star  should  undcrjfo  little  variation,  but  that  it  should  ftdl 
off  (welty  rapitlly  «fter  the  emergence  of  the  body  from  the  cloud. 
T'  I  cc-i  well  with  the  observed  light  curve  i>f  the  Nova." 

-:iimes  that  the  star  entered  the  cosmical  cloud  in  the 
finning  o(  l>ecenibcr.  aiid  left  it  not  lon;^  l>cfore  the  iKgttining 
>f  March.  He  wx'k>  to  decide  the  (|uefilion.  how  the  great  rela- 
tive velocity  could  j^ersist  for  si»  loiifj  a  time,  by  comparing  the 
motion  of  the  star  against  tlic  lestelance  of  the  cloud  with  that 


of  a  meteor  in  the  upper  regions  of  oar  atniosplicre,  and  arrives 
at  the  couclnaion  that  the  retardation  would  not  ncecsaarily  b*; 
perceptible. 

That  in  spile  of  this  small  retardation,  cnongli  kinetic  enci-gy 
is  transformed  into  heat  to  cause  the  sujicrficial  incaiidesceiice  of 
the  star,  is  made  the  subject  of  a  mathcnintical  investigation  bv 
Seeliger,  with  the  result  that  "  we  can  assmnc  that  the  density  of 
the  cosmical  medium  is  very  small  compared  with  that  of  the  ex- 
trcuiely  tenuous  air  in  which  the  meteor  is  brought  to  incandes- 
cence.- and  still  obtain  the  necessary  quantity  of  heat.  It  is 
worthy  of  remark  that  all  the  numerical  values  can  be  varied 
witliin  very  wide  limits  without  danger  of  contradiction." 

In  the  second  aiiparittoa  of  the  Nova,  Sceligcr  linds  a  confirma- 
tion of  his  views,  for  it  is  inherently  proliahle  that  the  supposed 
nebulous  or  dust-like  clouds  are  more  numerous  in  certain  re* 
gions  of  space  than  in  others,  and  it  is  also  permissible  to  make 
various  tissumptions  as  to  the  distribution  of  density  in  the  mat- 
ter comprising  them. 

At  the  first  glance  there  is  something  remarkably  captivating 
about  this  hypothesis,  but  on  a  closer  eoni)>arison  witli  the  ob- 
servations, to  which  I  will  confine  myself,  doubts  of  no  inconsid- 
erable moment  arise  whether  it  really  appears  adequate  to  a 
complete  explanation  of  Nova  Auriga;.  However  the  case  may 
be.  I  fully  concur  with  the  opinion  of  Seeliger  that  the  liypothe- 
sis.  which  deals  with  entirely  possible  conditions,  is  to  be  re- 
garded as  a  valid  explanation  of  llie  uppearanct;  of  certain  new 
stars. 

Under  the  snpposition  that  the  body  moving  through  the  cloud, 
and  the  cloud  itself,  have  no  unusually  great  velocities  in  compar- 
ison with  the  mean  velocity  of  stars  in  space  {for  the  main  object 
of  the  hypothesis  is  to  avoid  the  assumption  of  such  vclocttiea) 
and  that  the  btxiy  entering  the  cloud  is  moving  toward  us,  the 
particles  of  the  cloud,  shortly  before  the  entrance  of  the  body, 
would,  by  virtue  of  its  attraction,  move  toward  and  past  it. 
They  would  carry  with  them  particles  of  its  alniosphei-e,  and,  by 
their  passage  close  to  its  surface,  acquire  a  more  or  less  gi"cat  ve- 
locity in  a  direction  opposite  to  tlie  Earth.  The  spectrum  of  the 
body,  whose  surface  on  entering  the  cloud  is  thus  raised  to  incan- 
descence, would  probably  be  continuous  and  show  absorj^tion 
Knes,  and  on  it  would  be  supcq>oscd  the  bright  line  spectrum  of 
the  detached  particles  of  the  body's  atmosphere.  The  centers  of 
these  lines  would  at  first  be  relatively  displaced,  the  bright  lines 
toward  the  red,  since  with  Sccligcr  we  have  to  assume  that  the 
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[r  -  of  the  clouO  would,  Ui  gmcral,  move  away  from   lis. 

v....  «  .itii  tlic  body  is  once  in  Ibc  cli>ud,  particles  rush  upon  it 
from  all  sides,  those  g^ra^uig  its  surluce  would  acquire  motions 
king   all   possible  angles  with   the  line  of  sight.    The  bright 
'i-s  would  coiiseqtiently  appear  very  greatly  broadened,  but  a 
-I'ljurcinciit  of  the  Centers  of  the  bright  and  dark  Hues  could  no 
'■■  '•i.'cr  be  supposed  to  exist,  since  the  motions  of  body  and  cloud 
uld  not  be  appi^^iablein  comparison  with  the  enormous  veloe- 
--  -  >  which  would  be  imparted  to  the  separate  parts  ol'  the  cluud 
^y  the  attraction  of  the  body.    At  the  exit  of  the  body  we  should 
cpcct  appearances  similar  to    those   at    its    entrance,  but   the 
ight  lines  would  l>c  displaced  toward  the  blue, 
Now^  the  body,  at  the  time  of  the  first  spectroscopic  observa- 
tions, was  already  near  the  middle  of  tlie  doud,  and  its  exit,  ac- 
cording to  Seeliger.  mcuiTed  in  tlie  beginning  of  March.    During 
this  interval,   however,  the  spectrum  remained  essentially    un- 
change\I,  and  the  obsen-atians  have  Ihereforc  not  corresponded 
with  tlic  appearances  which  were  to  be  expected. 

It  Khould   lurtlier  not   remain   unnicntione<l  that  Seeliger  has 

fticd  his  attention  on  only  the  relative  motion,  determined  by 

llie  displacement  of  the  bright  with  reference  to  the  dark  lines, 

[■imd  has  overlooked  the  great  velocity  of  over  400  miles  per  scc- 

und  with  which  the  st^ir  having  alworptioii  lines  in  its  spectrum 

Rtctually  moving  in  space.    Dut  this  fact  must  not  be  left  out 

(if  coa»idcration  in  any  hypothesis  regarding  the  nature  of  Nova 

Asiigic. 

If,  now,  a  body  should  move  townnl  us  with  such  a  velocity, 

throogh  a  cosmical  cloud,  the  conditions  would  be  materially  dif- 

ftmil  and  the  resulting  spectrum  would  ]xrrhaps  approximate 

dOTc  closely  to  the  observed  one,  inasmuch  as  it  may  be  assumed 

that  the  bright  Hues  would  be  constantly  dispUiced  toward  the 

'ted, even  when  the  body  wasiii  the  mi<ldle  of  the  clond.    At  the 

,  Mine  time  the  bright  and  djirk  lines  would  ovcrlu].'  as  far  as  their 

itres  and  therefore  would  not  Jip[>ear  to  Ije  sepnrntcfl  by  their 

nil  breadth ;  for  a  great  number  uf  the  particles  of  tlie  coiintical 

[fiftud  which  produce  the  bright  lines  wi>uld  hjivc  the  same  vclo- 

5ty  OS  the  penetrating  body,  as  with  such  great  velocities  vortex 

»oti(ins  would  lie  inevitnhlc.     In    this  connection  there  remains 

Bncxplaincd,  why  the-Hnmllcst  motion  relative  to  the  body  with 

!ic  ni'surpiion  sijectmm  is  not  zero,  but  something  like  ?,GV  miles 

:r  second,  how  uuder  the  nssumetl  conditions  any  other  appcur- 

■ncea  tban  a  broadening  of  the  bright  lines  ctjuld   Ik:  pixtduccd, 

feow  therefore,  with  uniform  distributii>n  of  matter,  or  of  the  sep- 


arate  partklen  in  thccosmical  clcind,  so  prominent  maxima  of  in- 
tensity could  Iw  formed  in  these  bright  lines,  anrl  tvhy  these  max- 
ima flhontd  have  l>een  suhject  to  only  very  slight  chanRn*  in  their 
relative  positions. 

In  theseconrl  apparition  of  the  Nova,  when  practically  only  an 
emission  spectrum  was  produced,  the  essential  data  for  testing 
the  hypothesis  are  wanting;  hut  we  should  naturally  expect  to 
find  appearances  hke  those  which  nccompnnie*!  the  first  outbreak, 
and  above  all,  if  we  assume  with  i>eeli;»er  that  the  comjmrt  body 
entered  an  outlying  portion  of  the  supposetl  nebula,  a  strong 
heating  of  its  surface. 

The  npitiion  that  the  Nova  could  be  explained  by  the  encounter  ' 
of  a  heavenly  botiy  with  several  bodies,  forced  itself  tipon  me  im- 
mediately after  the  first  ohservntions,  and  I  have  since  been  more 
and  more  confimie<l  in  this  view  by  the  fiirthcr  olwervntions 
which  have  been  made.  It  is  true  that  the  question,  whether 
there  was  not  too  small  a  probability  in  siich  nn  encounter  of 
heavenly  bodies,  at  first  gave  rise  to  donbts,  but  they  soon  dis- 
appeared on  considering  that,  according  to  the  Kant-Laplace  hy- 
pothesis, it  is  difficult  to  conceive  of  a  large  celestial  body  unac- 
companied by  attendants.  It  is  really  surprising  that  in  all  the 
hypotheses  accounting  for  new  stars,  the  assumption  of  these 
simple  conditions  should  have  been  left  out  of  consideration. 

If  wc  assume  that  a  body,  having  a  mass  oi  the  same  order  as 
that  of  the  sun,  should  suddenly  pass  close  to  a  system  like  our 
own,  whose  centra!  star  had  lost  its  light  by  gradual  coolipg, 
then  enormous  disturbances  would  lie  produced,  and  the  collision 
of  individual  members  of  the  system  and  the  consequent  produc- 
tion of  luminous  outbursts,  would  be  inevitable. 

Ivet  us  now  suppose  that  the  body  which  gave  the  continuous 
spectrum  with  absorption  bands  in  the  comjiosile  spectrum  of 
the  Nova,  and  which,  as  is  \vell  known,  was  moving  in  space 
with  a  velocity  of  about  +00  miles  per  second,  came  close  to  a 
system  moving  with  no  more  than  the  ordinary  velocity,  in  a  di- 
rection with  regard  to  which  no  sjiccial  assumptions  need  be 
made, 

By  the  passage  close  to  one  of  the  larger  or  several  of  the 
smaller  bodies  of  the  system,  perhaps  also  by  direct  collision 
with  smaller  bodies,  the  star  entering  the  systcui  would  suddcjily 
be  brought  lo  a  high  stale  of  incandescence.  At  the  lime  of  the 
si»eetroscopic  o))servntion8  the  body  was  in  a  part  of  the  aup- 
poseit  system  which  »nssonicwhai  thickly  filled  with  liiUe  bod- 
ies, and  these,  hy  their  close  passage  and  by  partial  collisionH. 


S.  C.  Vogcl. 


mtntained  thebrillSnnt  inc/iti(Ie5tccnce  of  the  surffU'c  nnd  atmoa- 
'        i  tietratiaj-  body,  which  the  exten«ioii  of  the  con- 
.111  into  tile  violet  shows  ihnt  they  imist  have  [>os- 
1n  thifl  nay  some  of  the  bodiea  themsclved  acquired  an 
high  tenii>ernture  nnd  a  nii>rc  or  lc*»  hiph   velocity, 
-    Ili  the  spectrum  with  hrigbi  hnes,  mid  thus  [imduciiig 
the  same  effect  ns  the  imrticlest  of  the  cosniical  cloud  in  Seeligcr*a 
'1  Tht-rc  Is  however  this  importnnc  difference,  ihnt  the 

the  little  bodies  wns  regulated  by  the  cenlrnl  stnr; 
thQ*  moved  in  an  actuni  strcnni  ogninst  the  penetruting  body, 
»i<J  therefore  could  n«)t  hiive  timved  tiiwntvl  iifrom  nil  direction*. 
Il  is  now  explicable  ih/il  the  bright  linen  should  have  appcired 
iroadened,  diKplaced.  and  diffuse;  nor  does  it  any  longer  appear 
itrnng:?  thnt  the  te.ixi  displaci-nient  of  the  bright  ItueH  ( otic  of  the 
Igca  )  did  not  coincide  in  position  with  the  middle  of  the  dark 
iocs,  but  represented  a  «innll  motion  in  apace  which  was  pcrhap» 
lol  I .  dift'erent  from  that  of  the  supposed  stellar  sytitem. 

1  ri  •>^phc^t-s  of  the  central  body  and  larger  bodies  of  the 

lystcm  would  also  l»e  greatly  heated  by  inevitable  disturbances 
of  Ihr  s'  \\'e\*  and  contic<juent  eruptions,  and  if  these  causcA 

were  ni  till  to  produce  n  higher  tenipcrnturc  in    the  »ur- 

6icea  of  the  bcHlies  than  in  their  atmospheres,  (which  however 
wc  mig^ht  exj>wl  in  the  case  of  a  body  heated  by  the  fall  of  stnall- 
'tr  U'dics  from  witliout ).  tlwy  would  nevertheless  give  rise  to  a 
Bpcctrum  in  which  bright  lines  Avould  predominate.  In  this  then 
;wc  have  a  Himplc  explanation  of  the  intensity-maxima  in  the 
[bright  hytlrogen  lines,  which  indicate  a  small  motion  in  space, 
[nnd  which  at  first  had  the  givntest  intensity. 

\V      I       ■     '  n  satisfactory  explanation,  based  on  ansuinptions 
|w)i<  lity  has  ample  sup|K)rt  in  a  system  subject  to  so 

|many  dinttirbanccs,  of  other  observed  phenomena,  snch  as  the 
'  I  tin  of  brightness  which  wcrr  seen  so  long  iu   tlie 

.   .  and  the  temporarily  appearing  third   mnxitnuni 
the  same  tines,  and  even,  assuming  that  they  are  not  to  be  re- 
[■rdcU  ns  '  ^'^.  ^f  the  Anc  bright  lines  which  appeared  in 

[timn.    Il  t-  1  L  reuiarkcd.  by  the  woy,  that  from  this  point 

(nf  view  Ihcy  arc  not  explained  by  any  oi  the  hypotheses  previ- 
fuBsly  til'  'd. 

In  c<.'  ion  I  may  »till  specinlly  add  that  the  anomalies 

|ob»en«I  in  Lhc  measurements  of  the  D  lines,— namely,  that  the 
•  lit  of  these  lines  in  the  star  s]jectrum  referred  to  the 
lies  was  found  to  Im;  less  tlinn  that  of  the  hydrogen 
hoes,  (Huggins,  Becker),— as  well  as  similar  observations  of  the 


finer  chromosphere  lines  (Campbell)  arc  at  once  intelligible,  for 
the  s()ectrA  of  the  different  bodies  need  not  necessarily  exhibit  the 
same  lines.  And  I  may  still  further  mention  that  the  seeond  out- 
burst of  the  Nova  in  the  autumn  of  lSfl2  may  Ik  aseriVjcd  to  the 
meeting  of  the  flying  body  with  some  distant  member  of  the 
stellar  system  through  which  it  was  supposed  to  Ije  passiitg. 
The  most  reliable  proof  of  the  correctness  of  the  %'iewfi  here  set 
forth  would,  in  fact,  be  secured,  if  it  coald  he  shown  with  jfrcftter 
certainty  that  there  have  been  such  changes  in  the  wave-length* 
of  the  bright  lines  in  the  spectrum  now  visible  as  are  indicated  hy 
the  observations  of  Campbell,  for  the  assumption  of  an  orbital 
motion  would  then  be  allowable. 

I  will  not  however  Iobc  myself  further  in  details,  for  my  pur- 
pose was  in  the  main  only  to  show  that  the  meclin>(  of  a  body 
moving  at  random  through  space  and  an  ordered  system  of 
bodies  has  uot  too  small  a  probability,  for  no  objection  can  be 
raised  to  the  assumption  of  a  planetary  system  in  connection 
with  a  fixed  star  and  also  to  show  that  in  the  assumption  of 
8uch  a  system  traversed  by  a  body  moving  with  the  atmomial 
velocity  of  from  400  to  460  miles  i»er  second  and  in  which  the 
body  might  remain  for  weeks  or  months,  as  it  would  require,  for 
example,  five  months  to  pass  through  our  own  system),  the  prin- 
cipai  phenomena  observed,  in  Nova  AuHgte  find  a  natural,  un- 
strained explanation. 


ON  THE  NEW  STAR  IN  AURIGA." 


U.  SUBLIDKH. 


The  pbeuomcna  presented  by  this  remarkable  star  have  not  yet 
come  to  an  end.  It  is  for  this  reason  that  I  have  hitherto  re- 
frained from  adding  anything  further  to  my  first  communication 
on  the  subject  in  A.  N.  3118. t  The  opinions  which  I  there  an- 
nounced were  necessarily  founded  on  assumptions  of  the  greatest 
jwssible  generality,  since  it  was  not  ]iemiissil>le  in  the  di&cussion 
to  anticipate  the  results  of  observations  which  at  that  time  were 
still  iueompletc.  The  reappearance  of  the  Nova  in  August,  1892, 
occurred,  it  may  be  remarked,  nearly  at  the  time  when  my  paper 
was  published.  It  seems  to  me  that  the  time  for  taking  up  the 
investigation  again  has  not  even  yet  come,  but  that  it  should 

^ranelaUd  from  A.  N.  3187. 
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wait  for  ftirtber  developments.  Herein  aleo  are  contained  the 
masons  why  I  have  not  entered  into  a  discussion  of  renmrks 
rhich  hftvc  been  made  here  and  tliere  on  the  nature  of  the  occur- 
rence, und  it  is  not  my  intention  to  discuss  them  now.  Ncverthc- 
ii  -  i  niii  recently  published  remarks  which  Herr  H.  C.  Vogel* 

I  I  wcin^led  to  a  collection  of  observed  appcnrauccs  of  the 

Nova,  sccmto  make  it  adrisible  thnt  I  should  micr  into  a  brief 
1   ti  of  the  snbjecc,  for  Herr  Vogel's   paper  contnins 
\  I  cnnnnt  recognize  ns  correct,  .ind  the  pro])agntii>n 

of  which  1  cannot  regard  us  useful  to  science 

I  had  nssutncd  Ih/it  the  outburst  of  the  new. star  was  caused 
by  it#  contact  with  a  cloud  of  tliinly  scattered  matter.  In  regard 
to  the  physical  constitution  of  the  material,  purposely  nothing 
waje  said,  in  order  not  to  anticipate  special  apjiearanees  wliich 
might  possibly  be  re((uire<1  to  satisfy  the  obscrvutiwns.  When 
therefore  my  views  are  characieriwd  from  the  one  side  as  a  modi- 
6cutiun  of  the  nicleoric  liy|>othcsiB,  the  agreetncnt  with  the  real 
focls  is  as  small  us  in  the  Interpretation  that  the  cosniical  cloud 
conld  not  lie  dust-like  in  nature-  A  clear  view  of  the  motion  of 
!«pch  a  cloud  relatively  to  the  star  is  obtained  by  applyitig  the 
clcmcnt;tr>-  imnciple*  of  mechanics.  "On  the  approach  of  the 
body  the  cloud  would  evidently  he  lenfirthcncd  in  the  direction  of 
;•  h.    This  lengthening,  and  likewise  the  relative  veUx;ity  of 

I        !      ;vidual  cloud-particles,  would  grow  with  the  increasing 
proximity  of  the  latter. "t 

The  motion  of  the  separate  particles  will  evidently  dt'iicnd  upon 
the  physical  structure  which  is  assi^ed  to  the  cloud.  It  will  be 
dificreitt  with  a  dust-like  constitution  from  what  it  would  be 
nth  a  fluid  or  gaseous  one;  bat  in  any  case  the  phenomena  pro- 
luccd  will  be  essentially  those  demanded  by  the  hypothesis. 
Thus,  what  will  take  place  is  as  follows:  (1)  In  consei^uence 
of  the  a]jpr(jach  of  the  cloud  and  the  body  due  to  attraction,  a 
stream  of  iiiatler  appearing  to  come  from  a  dcfif»itc  direction,  will 
puur  upon  the  body,  no  matter  whether  the  relative  velocity  of 
ic  two  i(s  large  or  small  when  they  arc  very  far  apart.  (2.) 
Tcriain  conditions  o\  motion  will  l>c  <ltveloj»cd  in  tlie  moix-  or  less 
continuous  stream  as  soon  as  the  body  enters  the  cloud,  and  in 
tthc  main  will  remain  unch{ingc<I  until  it  passes  out,  or  at  least  as 
long  as  the  Bej>aratc  parts  of  the  cloud  preserve  the  same  consti- 
tution.   If  the  matter  is  assumed  to  be  dust-like  in  character,  tile 

'  i-itm,  AbtiniKlluiitf  iJcr  Bcrliocr  Akniiemic 
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uttnictiun  of  the  body  on  the  scwarnte  particles  will  be  the  prin- 
cipal agent.  The  sefmrate  pitrticlcs  will  then  dcscriljc  liyperbolaft 
whose  usj-mptotcs  arc  all  parallel  and  whose  focus  is  in  the  l>ody. 
The  particles  will  approach  the  body  from  the  direction  of  the 
asyniptoLcs.  Since  ii  simple  application  of  Kepler's  Inws  \vill 
tlctermiuc  all  the  circumstances  of  motion  in  this  carte,  il  seemtt 
sniicrlluoiis  to  consider  them  more  closely  here;  only  the  follow- 
iux  iirniarkH  may  still  be  added.  The  hvperhohis  described  in  the 
relative  motion  will  have  u  consi<lcrablc  curvature  close  lo  the 
body  if  the  initial  velocity  iv  appreciably  smaller  than  the  maxi- 
mum velocity.  Then  after  passing  the  body  the  particles  will 
move  along  the  hyperbolas,  in  directiouH  whtcli.  under  certain 
circumstances,  may  lomi  acute  angles  with  the  orij-ina!  dircc- 
tiofts.  The  magnitude  of  these  angles  will  depend  upon  the 
initinl  \'docity.  (witli  given  niaKimum  velocity):  witln'n  certain 
iniits.  therefore,  it  nii}):ht  be  assumed.  But  in  the  cane  of  a  con- 
tinuous stream  the  c i re uni stances  would  not  assume  this  simple 
form,  for  the  reason  that  particles  <lescrihing  congruent,  hue 
differently  Iviug  hyperbolas,  would,  on  account  of  the  ])revailtag 
symmetry,  come  in  contoct  liehind  the  botly.  If  the  observer 
should  be  situated  not  very  far  from  tlie  direction  of  the  asymp- 
totes,— and  it  is  easy  to  see  that  very  wide  limits  are  here  allow- 
able,— these  collisions  would  not  be  directlv  noticeable.  If  Lbc 
medium  has  a  fluid  or  gaseous  structure,  this  point  either  does  not 
come  into  consideration  at  all,  or  it  takes  an  entirely  different 
form.  The  circumstances  would  then  in  general  resemlile  those 
of  flying  projectiles,  which  have  become  widely  known  by  photo- 
graphic researches,  and  particularly  by  the  beautiful  expenraents 
of  E.  Mach. 

The  conditions  last  mentioned  require,  under  some  circumstan- 
ces, a  closer  investij^ation.  Strange  to  say,  however,  Henr  Vogel 
has  denied  the  correctness  of  the  detluctions  first  arrived  at,  al- 
though the>'  are  incontestable,  and  has  arriTed  at  the  following 
conclusions,  which  are  irreconcilable  wHtli  the  teachings  of  me- 
chanics.    He  says  (pp.  5G  and  57) : 

**  Under  the  supposition  that  the  body  moving  through  the 
cloud,  and  the  cloud  itself,  have  iii>  unusually  great  velocities  in 
comparison  with  the  mean  velocity  of  stars  in  space  (for  the 
main  object  of  the  hypothesis  is  to  avoid  the  assumption  of  siicfa 
velocities)  and  that  the  body  entering  the  cloud  is  moving 
toward  us,  the  particles  ol  thcdtnid,  shortly  Ircforv  the  entrance 
of  the  body,  would,  by  virtue  of  its  attraction,  move  toward  and 
past  it.   They  would  carry  with  tbem  particles  of  its  atmosphere, 


and.  by  Uicir  pattsagc  close  to  its  surface,  acquire  a  more  or  less 
cat  velocity  in  a  dirrctioii  oppu(*itc  to  tlic  Kartli.  The  hjicc- 
rum  of  tt»e  body,  vvhoftc  surface  on  entering  tlic  cluinl  in  thus 
raised  to  incaiulcsvcucc,  vvoiilrl  probnbly  Ijc  t'oulinuou5  aud  abuw 
:■-'  -  lion  licioi,  atui  cm  it  woulH  \k  sii[K-r|M>wxI  the  lrn>:lil  line 
>,  11    of  the  ilctat'lictl    jjurticlt*   of  the   boilv's  atinosplicrc. 

The  centers  of  thcHC  lines  would  nt  tirst  he  relatively  displaced, 
bright  lines  toward  the  red,  since  with  Seelif'er  wc  have  to 
iumc  tlmt  Ihi-  piirttcloi  ot'  the  cloud  would,  in  general,  move 
owtty  from  us.  But  when  the  body  is  once  In  the  cloud,  particles 
ih  uiK>n  it  from  all  sides,  and  those  pnizin^f  its  surface  would 
luirc  motions  making  all  possil>le  nnj^^Ies  with  the  liac  of  sighl. 
The  bright  lines  would  couHeijuently  appear  very  greatJy  broad- 
ened, but  a  displacement  of  the  centres  of  the  bright  and  dark 
Udcs  could  no  longer  be  supposed  to  exist,  since  the  motions  of 
body  and  cloud  would  not  be  appreciable  in  comparison  with  the 
lormrjtis  velocities  which  would  be  impurted  t<i  the  separate 
irts  o(  the  cloud  by  the  attraction  of  the  body,  At  the  exit  of 
the  body  wc  should  ex[wct  npix'aranccs  similar  to  those  at  its  en- 
trance, but  the  bright  lines  would  l»e  displaced  toward  the  blue." 
All  that  Uerr  Vogcl  says  here  about  the  directions  of  motion 
really  applies  only  to  the  Accelerations.  The  two  coticepchns  ac- 
ce/eraCion  and  rehcitv  are  thus  contonnrhtj,  :ind  consequently  the 
principal  objection  of  Herr  Vogcl  to  my  assuinpLions  must  Ik  re- 
ganted  as  entirely  removed. 

As  for  the  further  remarks  which  relate  to  niy  hypothesis,  and 
which  Uerr  Vogcl  probably  regards  as  of  minor  importance,  1  shall 
■t  present  touch  upon  only  one  more  point,  reserving  the  rest  for 
a  future  occasion.  Herr  Vofi:el  says,  "It  should  further  not  re- 
main untnentirmcd  that  Sccligcr  has  fixed  his  attention  only  on 
the  relative  motion  which  is  indicated  by  the  displacement  of  the 
bright  as  compared  with  the  dark  lines,  und  has  overlooked  the 
great  velocity  of  over -KKJ  miles  per  second  with  which  ihe  star 
whose  spectrum  contained  absorption  lines  was  actually  moving 
tl  r  ICC.    But  this  eiivumstanee  nmal  not  l»e  left  out  of 

•  \\  in  any  hypothesis  on  the  nature  of  Novn  Auriga:." 
After  these  words,  everyone  would  expect  that  Uerr  Vogel,  in  the 
lypotliesis  of  his  own  which  is  given  further  on,  would  take  into 
x.-count  this  [>c)iat,  which  he  evidently  considers  to  be  an  im- 
portant one.  This  is  not  clone,  however;  indeed,  no  attempt 
made  to  explain  the  great  velocity,  nor.  1  may  be  permitted  to 
lentioii,  can  it  be  made  suecessfiUIy  in  the  case  he  supposes.  By 
establishing  this  relntioo  of  the  two  cases.  1  am  freed  from  every 
rity  of  going  further  into  the  subject. 


With  regard  to  the  hypothesis  ndvanced  by  Merr  Vogel  lu  an 
explnnation  of  the  new  star,  I  shall  content  myself  with  qaotiqe 
the  parngmphs  which  cootnin  its  principnl  features,  ami  adding 
to  them  a  few  brief  comments.  Tliis  will  be  ynflAeient,  I  think,  to 
allow  n  judgment  to  be  formed  ns  to  the  validity  or  probability 
of  thc*c  nnd  similnr  views. 

(1).  "The  oifinion  that  the  Novn  could  be  explained  by  the 
encoantcr  of  a  heavenly  body  with  several  bodies,  forced  itself 
upon  nic  immediately  after  the  first  observations,  and  1  have 
since  been  more  nnd  more  confirmed  in  this  view  by  the  fwriJier 
obscrvntions  which  have  been  made.  It  is  tniethat  thcqnestion, 
whether  there  was  not  too  smalt  a  probability  in  such  an  en- 
counter of  hcnvcnly  bodies,  nt  first  fiove  rist:  to  doubts,  bnl  they 
soon  riisappearcH  on  cnnsiderinf?  that,  neeordinK  't*  '***  Knnt- 
La|ilac*chv|Kiihesis,  it  is  difficult  to  conceive  of  a  Inrge  celestial 
body  unpccompanlcd  by  attendants.  It  is  really  surprising  that 
in  nil  the  hypotheses  accounting  for  new  stars,  the  n^suniptiou  of 
these  simple  cnnclitions  should  have  been  left  out  of  consitterA- 
lion." 

If  it  is  thotifiht  desirable  to  bnug  in  the  hyppthcsis  of  LaplAce, 
the  frtcu  which  it  was*  priiicipnily  intended  to  expUiin  must  not  l>e 
le/t  unconsidered.  The  most  importobt  perculiarity  of  n  planet' 
ary  system  which  here  comes  in  <)uestiun  consists  in  the  grouping 
of  masses  around  u  certain  middle  plane,  and  a  (say)  spherical 
grouping  of  masses  is  not  compatible  with  the  conception  of  a 
pIonctar>-  system  which  is  familiar  to  us.  and  which,  in  dcfaalt  of 
other  experience,  must  Iw  regarded  as  the  only  one  ndmissabk. 
Aasuming  now  that  every  thing  else  in  Hcrr  Vogel's  hypothesis  is 
correct,  it  is  (lossiblc  to  satisfy  the  obscr\*ed  appearances  only  on 
the  assumption  that  the  star  was  many  montlwin  close  prox- 
imity to  the  individual  memliers  of  the  system,  particularly  when 
it  is  remembered  that  the  rrappearoncc  of  the  Nova  is  to  be  ex- 
plained in  tiic  ^ume  manner.  Fnmi  this  it  follows  that  the  stnr 
must  have  moved  in  a  direction  which  was  tnclincd  at  an  extreme- 
ly small  angle  to  the  mean  plane  of  the  system.  It  will  hanlly 
be  admitied  that  such  a  condition  has  any  special  probability, 
nnd  the  doubttt  which  mny  arise  in  this  aspect  of  the  question  nre 
by  no  means  disjjcrsed. 

2.  "If  we  assume  that  a  body,  having  a  moss  of  the  flame  order 
ns  that  of  the  Son,  should  suddenly  pass  close  to  a  system  like 
our  own,  whose  central  star  had  lost  its  light  by  gmdualcooUng, 
then  enomiuus  disturbances  would  be  ]>rt)dnced,  and  the  collision 
of  individual  memhers  of  the  system  and  the  consequent  prodoc- 
tion  of  Inminous  outbursts,  would  be  inevitable." 


The  possibility  of  such  acollisioii  can  of  coarse  not  be  denied  ; 
bni  it  should  !>e  nbsen*ed  that  the  orbits  will  l>c  changed  in  con- 
seqncnce  of  the  great  relative  initial  velocity,  which  is  to  be  as- 
snmetl  according  to  (3),  although  on  a  materially  smaller  scale. 
The  nssuntfuion  of  n  mmlcrale  immbcr  of  large  planets  will  even 
i^Uien  not  ntake  it  easy,  least  of  all  for  thcae,  to  show  that  a  colli- 
ion  is  "inevitable."    Further,  according  to  the  observed  phe- 
nomena, the  colliiiions  must  hnve  occurred  very  soon  after  the  ap- 
pttirnnce  of  the  Nova  and  probtibly  nt  exactly  that  time,  and  no 
more  ocenrretl  afterward,  at  Icnst  not  after  the  beginning  of  spec- 
troscopic observations,  for  a  considerable  change  in  the  spectrum 
was  not  observed  during  the  first  apiwarance.    Al!  this  cannot  be 
said  to  show  that  the  views  advanced  arc  very  probable,  quite 
ipart  from  the  consideration  that  we  are  justified  in  requiring  a 
(«$  general  statement  of  the  circumstances,  in  order  to  allow  dt»- 
cusiiion  in  otic  or  another  direction. 

(3)  "Let  us  now  suppose  that  the  body  which  gave  the  contin- 
oous  spectrum  «-ith  atworption  hands  in  the  composite  spectrum 
of  the  Nova,  and  which,  as  is  well  known,  was  moHug  in  space 
with  a  velocity  of  about  400  miles  persecond,came  close  to  a  sys- 
tem moving  with  no  more  than  ordinary  velocity,  in  a  direction 
with  regard  to  which  no  special  assumptions  need  be  made." 

This  sentence  shows  the  correctness  of  the  remark  1  have  made 
above,  that  Hcrr  Vogel  makes  no  attempt  whatever  to  refer  the 
vdocity  of  400  miles  per  second  to  normal  conditions.  Such  an 
attempt  can  in  no  way  lead  to  this  end  on  the  ground  of  the  rc- 
i^fuuining  assumptions,  without  encountering  contradiction  of  the 
>bscrvations  or  inadmiesibly  large  massett;  this  follows  imme- 
diately from  the  forniulie  of  my  article. 

(4).  "  By  the  passage  close  to  one  of  the  larger  or  several  of 
the  smaller  bodies  of  the  system,  perhaps  also  by  direct  collision 
with  smaller  bodies,  the  star  entering  the  system  would  suddenly 
brought  to  a  high  state  of  incandescence.  At  the  time  of  the 
rtrcjscojric  observations  the  body  was  in  a  part  o(  the  sup- 
posed system  which  was  somewhat  thickly  tilled  with  little 
bodies,  nnd  tlicsc,  by  tiieir  close  passage  and  by  partial  ealHsions, 
maintained  the  brilliant  incandescence  of  the  surface  and  atnio- 
>hcrc  of  the  penetrating  body,  which  the  extension  of  the  con- 
tiaaous  S[Kctrum  into  the  violet  shows  that  they  must  have 
In  this  way  some  of  the  Ixidies  themselves  acquired 
on  excessively  high  ten][>erature  and  a  more  or  less  high  velocity, 
giving  rise  to  the  spectrum  with  bright  lines,  and  thus  produciag 
the  same  cfTeet  as  the  particles  of  the  eosmical  cloud  in  Scebger'a 


With  regard  lo  the  hypothesis  advanced  by  Herr  Vogd  aa  an 
explanation  of  the  new  star,  I  shall  couteut  myself  with  qDOtiqg 
the  paragraphs  which  coiUaiu  its  principal  features,  and  adding' 
to  them  a  few  brief  comments.  This  will  be  aulHcient,  I  think,  to 
allow  a  judgment  to  be  foruicd  as  to  the  validity  or  probability 
of  these  and  similar  views. 

(1).  "The  oipnion  that  the  Nova  could  be  explained  by  the 
encounter  of  a  heavenly  body  with  several  bodies,  forced  itself 
upon  mc  immediately  after  the  liret  obscn-ations,  and  1  have 
since  liccn  more  and  more  confiriticd  in  this  view  by  the  further 
obsetrations  which  have  l>een  made.  U  is  true  that  the  question, 
whether  there  was  not  too  small  a  probability  in  such  an  cn- 
connter  of  heavenly  bodies,  at  first  gave  rise  to  doubts,  but  they 
soon  disappeared  on  cunsiderin^  that,  atxording  to  the  Kont- 
Laplacc  hypothesis,  it  is  difficult  to  conceive  of  a  large  celestial 
body  unaccompanied  by  attendants.  It  is  really  surprising  that 
in  all  the  hyirathescs  accounting  for  new  stars,  the  assumption  of 
these  simple  conditions  should  have  txen  left  out  of  considera- 
tion." 

Jf  it  is  thought  desirable  to  bring  in  the  hyppthcsis  of  Laplace, 
the  facts  which  it  was  principally  intended  to  explain  must  not  be 
left  unconsidered.  The  most  important  pcrculiarity  of  a  planet- 
ary system  which  here  comes  in  question  consists  in  the  grouping 
of  masses  around  a  certain  middle  plane,  and  a  (say)  spherical 
grouping  of  masses  is  not  compatible  with  the  conception  of  a 
planetan,"  system  which  is  familiar  to  us,  and  which,  in  default  of 
other  experience,  must  be  regarded  as  the  only  one  admissable. 
Assuming  now  that  every  thing  else  in  Herr  Vogel's  hypothesis  is 
correct,  it  is  possible  to  satisfy  the  observed  appearances  only  on 
the  assumption  that  the  star  was  many  months- in  close  prox- 
imity to  the  individual  members  of  the  system,  particularly  when 
it  is  remembered  that  the  reappearance  of  the  Nova  is  to  be  ex- 
plained in  tlic  same  manner.  Prom  this  it  follows  that  the  star 
must  have  moved  in  a  dii*cction  which  wati  inclined  at  an  extreme- 
ly smaJl  angle  to  the  mean  plane  of  the  system.  It  will  hardly 
be  admitted  that  such  a  condition  has  any  special  probability, 
and  the  doubts  which  may  arise  in  this  aspect  of  tlic  question  are 
by  no  means  dispersed. 

2.  "If  we  assume  that  a  bodj',  having  a  mass  of  the  same  order 
as  that  of  the  Sun,  should  suddenly  pass  close  to  a  system  like 
our  own,  whose  central  star  had  lost  its  light  by  gradual  cooling, 
then  coonnons  disturbances  would  be  produced,  and  the  collision 
of  individual  members  of  the  system  and  the  consequent  produc- 
tion of  luminous  outbursts,  would  be  inevitable." 


The  possibility  of  aoch  a  collision  can  of  course  not  be  denied  ; 
bat  it  should  be  observed  tlint  the  orbits  will  be  changed  in  con- 
►^♦cquence  of  the  grcnt  relative  initial  vetocity,  which  is  to  be  as- 
inmed  according  to  (^1)*  nithough  on  a  materially  smnllcr  scale. 
The  assumption  of  u  moderate  numt>er  of  large  planets  will  CTcn 
then  not  make  it  easy,  least  of  alt  for  these,  to  show  that  n  colli- 
sion is  "ineviuible."  Further,  acctirding  to  the  observed  phe- 
nomena, the  collisions  must  have  occurred  very  soon  after  the  ap- 
pearance of  the  Nova  and  probably  nt  exactly  that  time,  nnd  no 
more  occurred  afterward,  at  least  not  after  the  beginning  of  spec- 
troscopic observations,  fur  a  considerable  change  in  the  spectrum 
vraa  not  obscn'cd  during  the  first  appearance.    v\II  this  cannot  be 

dd  to  show  that  the  views  advanccil  are  very  probable,  qnrtc 
apart  from  the  cunsideralion  that  we  are  justfiicd  in  retiuinng  a 
^icKs  general  statetnent  of  the  circumstances,  in  order  to  allow  dis- 

jssion  in  one  or  another  direction. 

(3)  "  Let  ns  now  su[J[k>8c  tliai  the  body  which  gave  the  contin- 
nons  spectrum  with  absurptiun  bands  in  the  composite  spectrum 
of  the  Nova,  and  which,  ns  is  well  knuwn,  was  nio\*ing  in  space 
wth  a  velocity  of  about  4<>0  miles  jwr  second,  came  close  to  a  sys- 
tem moving  with  no  more  than  ordinary  velocity,  in  a  direction 
with  regard  to  wlitch  nu  s])ccinl  assnmptions  need  be  made." 

This  sentence  shows  the  correctness  of  the  remark  I  have  made 
above,  that  Herr  Vogel  makes  no  attempt  whatever  to  refer  the 
velocity  of  4<)0  miles  per  second  to  normal  conditions.  Such  an 
attempt  can  in  no  way  lead  to  this  ("nd  on  the  ground  of  the  re- 
mBtning  assumptions,  without  encountering  contradiction  of  tbe 
observations  or  inadmissibly  large  masses;  this  follows  imme- 
diately from  the  fonaula;  of  my  article, 

(4).  "  Hy  the  paiss.ige  close  to  one  of  the  larger  or  several  of 
the  smaller  bodies  of  the  system,  iicrliaiw  also  by  direct  collision 
with  sm;ilJcr  boilics,  the  star  entering  the  system  would  suddenly 
be  brought  to  n  high  state  of  incandescence.  At  the  time  of  the 
»pectroscoi>ic  oliscrvations  the  body  was  in  a  part  of  the  sap- 
posed  system  which  was  somewhat  thickly  filled  with  little 
bodies,  ami  these,  by  their  close  passage  and  l>y  partial  c*IHsions, 
maintained  the  brilliant  incandescrnce  of  ilie  surface  and  atmo- 
sphere of  the  penetrating  body,  which  the  extension  of  the  con- 
tinuouK  siMx'truni  into  the  violet  shows  that  they  must  have 
f-posscssed.  Id  this  way  some  of  the  bodies  themselves  acquired 
an  excessively  high  temiwrature  and  a  more  or  less  high  velocity, 
giving  rise  to  tlie  spectrum  with  bright  lines,  and  thus  producing 
the  same  effect  as  the  particles  of  the  cosmical  cloud  in  Sccliger's 


bypotbe»iet.  There  is  however  this  important  difference,  timt  the 
luotiun  of  the  little  bodies  was  rej^ulated  by  the  ceiitrtil  star; 
they  tiioved  in  an  actua]  stream  againsL  the  i^>ct)elracii)g  body, 
and  therefore  could  not  have  moved  toward  it  from  all  direc- 
tions.'" 

Leaving  out  of  consideration  the  last  statements,  which,  a« 
shown  above,  are  founded  on  error,  I  must  object  to  this  as  in 
my  first  pa|X'r,  that  without  K''catcr  dcfinileiicss  the  simple  pas- 
sage of  two  dnrl<  bodies  can  Ik-  assttnicd  as  the  cause  of  their 
luminous  outburst,  and  continuous  or  discontinuous  spectra  can 
he  assigned  to  them  at  pleasure.  (Nothing  whatever  is  known 
about  the  cfiVvt  of  such  influences,  anri  they  would  in  any  case  de- 
pend upon  so  many  attendant  circumstances  that  it  seems  to  me 
rash  to  support  n  hypothesis  on  such  a  foun<)atic>n.  To  assume 
small  pliinetary  bodies  as  the  cause  of  such  occurrences,  in  par- 
ticnlar.  seems  to  me  entirely  inadmissible.  The  further  develop- 
ment of  the  hypothesis  can  be  recognised  as  correct  only  under 
entirely  definite  Hssuniptions.  If  the  small  bodies  should  not 
meet  the  large  one  in  a  swarm  which  could  be  regarded  as  nearly 
continuous,  other  phenomena  would  manifest  themselves  than 
Herr  Vogcl  seems  to  think.  The  liyix-rbolas  dcscrilxd  by  the 
small  particles  would  have  a  irreat  curvature  in  the  close  vicinity 
of  the  body,  since  the  initial  velocity  is  only  a  fraction  of  the 
maximum  velocity.  Continuing  oji  these  hy|,K;rbolas,  the  luniin- 
oa8  particles  would  soon  l>e  moving  very  nearly  in  the  direction 
of  the  second  asymptote.  If  we  assume,  as  a  condition  which  is 
favorable  to  the  hypothesis,  that  the  Eartli  is  very  nearly  in  the 
original  direction  of  the  particles'  motion,  i.  e.,  in  the  asymptote 
of  the  parabola,  the  particles  would  very  shortly  after  their 
closest  approach  to  the  body,  be  moving  in  a  direction  inclined 
at  an  angle  2  *>■  to  the  line  of  sight,  n  being  the  angle  between  the 
major  axis  and  asmyptotc  of  the  hyperbola.  1-Vom  the  values 
assumed  by  Hcrr  Voge!  (initial  velocity  401)  miles,  greatest  ve- 
locity >  740  miles)  it  would  follow  that  luminous  particles  must 
be  in  evidence  spectroscoplcally.  having  a  motion  of  at  least  230 
miles  per  second  toward  the  observer.  It  will  be  seen  therefore 
that  in  this  case  phenomena  would  be  produced  which  are  not 
confirmed  by  the  observations,  and  hence  a  modification  of  the 
fundamental  assumptions  becomes  necessary.  Such  a  modifica- 
tion, as  already  mentioned,  consists  in  attributing  to  the  stream 
of  email  bodies  the  character  of  a  continuous  stream.  But  that 
js  the  essctiti'aWcaturc  of  my  hypothesis,  and  the  assumption  of 
Hcrr  Vogel  would  differ  from  it  only  in  the  highly  problematical 
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way  in  wli'ich,  accttrrling  tu  liim,  the  small  liixlies  are  hrnaght  to 
a  state  of  incandescence.  That  che  ptirticlcs  were  ninring  under 
the  influence  of  the  central  muss  liefore  they  came  within  the 
vpbcrc  o(  attraction  of  the  penetrating  star,  docs  not  at  all 
change  tite  nature  of  the  occurrence,  and  introduces  only  uiitm- 
pertiuii  nindilicntion;;.  It  miiy  be  well  to  mention  that  in  the 
further  development  of  this  conception,  which  is  in  itself  u  very 
simple  one,  the  known  theorems  of  Laptnce  rchiting  to  very  large 
pcrturbutionH  rciulily  lead  to  a  correct  judgment  of  the  circum- 
stances.  These  theorems  can  be  (ipplicd  with  considerable  cer- 
lainty  because  the itlali\c  velocities  involved  are  very  great,  (at 
least  44H'  uiiloi  j>er  Kecon<l),  and  the  errors  of  the  approximation 
arc  thereby  materially  reduced. 

(5)  "The  atmoftplicres  of  the  central  body  and  Inrger  bodies  of 
the  system  would  also  l>e  greatly  heuted  by  inevitable  dJKturban- 
of  the  surface-levels  and  consctjuent  eruptions,  and  if  these 
causeswere  not  fiufltcicnt  to  jiroduce  a  higher  temiwrraiure  i«  the 
surface  of  the  bodies  than  in  their  atiuoRphercs,  (which  however 
we  might  expect  in  the  case  of  a  Iwdy  heated  by  the  fall  of  smaller 
bodies  from  without),  they  would  nevertheless  give  rise  to  n  spec- 
irum  in  whieli  bright  lines  would  iiredoniitiatt.  In  this  then  we 
have  a  simple  explanation  of  tlie  intensity-maxima  in  the  bright 
hydrogen  lines,  which  indicate  a  small  motion  in  space,  and 
which  at  first  had  the  greatest  intensity." 

The  "  disturbances  of  the  surface- levels"  of  the  central  body  are 
no  doubt  aMSumed  to  be  caused  by  the  entrance  of  the  body  from 
-without.  If  that  were  not  the  ease,  still  another  hypothesis 
would  be  called  for,  for  it  cannot  be  doubted  that  in  any  case 
«uch  eruptions  can  be  produced  only  when  the  attractions  arc 
Terr  great  and  act  at  extremely  short  distances.  Uut  if  the  pas- 
sage of  the  cosniical  boily  close  to  the  central  mass  [days  so  im- 
portant a  role,  it  fits  in  very  badly  with  the  probability  of  the  cn- 
tirctKCurrence;  for  we  must  then  assume  tbenccidentalcoincidence 
of  tw*i  events;  (1)  thecosmical  body  must  move  very  nearly  in 
the  plane  of  the  plnnetary  syKtein,  (li)  it  must  also  pass  extremely 
close  to  the  central  body.  Moreover,  Ilerr  Vogcl  explains  the  rc- 
ap]>carancc  uf  the  Xova  by  an  encounter  with  a  distant  (rlanet, 
which  adds  a  new  assumption  of  little  probability  to  the  previous 
one. 

I  shall  refram  from  going  further  into  particuhirs.  Whtit  I  have 
sai<I  will  firobably  suffice  to  show  clearly  that  hypotheses  like 
that  of  Herr  Vogel  are  in  no  way  capable  of  serving  as  the  batiis 
■of  more  extended  considerations. 
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ASTRO- PHYSICAL  NOTES. 


All  articles  a ntl  corrrspondmcv  relntinir  to  Hpcctroscoiiyand  otbcr  soljjec^g. 
projjcf  Iv  iacludcd  tti  A»Tn(>-PftVKiCH,  should  be  addressed  to  CmrKc  E.  Hulv,  Ken- 
wood Obacrrutorjr  of  the  L'niTemt.7  of  Chiciigo,  Chicago,  I'.  S.  A.  Authoin  of 
papets  are  irqDcUcd  to  refer  co  last  page  for  informntion  in  rcganl  to  illuBtra- 
tktnfl,  reprint  copies,  etc. 


^TofeMor  Totel  on  Hot*  Aorife.— In  comiiK-ntin);  on  ProTcASor Voxel's  hypotb- 
cflis  last  niontli,  wc  rcfvcicd  to  tltc  tranalntioa  ot  Ms  iiitutoir  iia  coittpictrd  in  Ihttt 
nuBibrr,  but  nvrinf;  to  tlic  esifirnciai  of  printing,  the  Intlcr  |inrt,  conlniumiJt  Pfo- 
bssoT  Vof!c)'s  own  virws,  had  to  be  omitted.  It  is  RiTea  in  the  prevent  num>Kr, 
tOKCtlier  with  an  unicic  by  Profc^jor  Se«lijter  in  which  the  cwrrectnew  of  hi»  oriR- 
intil  hypnihvsis  is  upheld. 

In  A.  N.  :ijli8,  Frofcuwir  \ngtl  replies  to  the  rcmnrltH  ot  H«t  Retopalskj- 
qitoted  in  our  Astro-Pliystca)  Notci  Inst  month.  The 'fine  lines  in  the  spectrum  of 
Venus,  nnil  Die  identity  ordettiiii)  in  the  accidenlally  triple  spectrum  of  the  Nova 
ulitained  with  the  Pulkowa  rcfrnetor,  nrc  not  rcirardcd  by  Vogel  an  a  conriocing 
|iro()f  lliat  the  drtaih  me  teal.  The  llni^'Ard  Ciiilejfc  photographs  are  motcriallj 
dtfferetit  from  Dclopalsliy's,  With  regard  to  the  ixvurrcnee  of  iron  tineiin  tbe 
purl  of  the  siKctrum  ctivered  by  the  Pulkown  phoCdgrnph*.  I*rolc«ior  Voftel  nay* 
that  six  or  eeveo  Buch  linra  aie  found  in  his  own  plK>tof;rnpbB  and  li-n  iti  tho*c  of 
Csmphelf.  It  h  nnttirol  thiit  the  »u|i|M>Ke<l  kiucouk  euveli>|ie  should  be  mure  d(»- 
trnet  with  the  lf»-inch  thnn  Nvilh  the  rtn-inch  rrfmclor,  as  ihf  na-tcB  of  chromatic 
alierration  ure  brij: liter  with  the  former  tnHtmment,  und  thercfttrc  ensler  to  see. 

Professor  Voxel  takca  the  occasion  Xo  say  that  his  views  have  nnt  hecn 
changed  by  the  critirttim»  nf  I'rofenor  Secligcr,  but  tHnt  be  does  not  at  pmcnl  in- 
tend to  pufniii"  till-  mililiTt  fiirthrr. 


The  Sky  from  Pike's  Peiik.— In  thr  Oct DJicr  number  nr  Astho?4iiUv  ^kh  Axtro- 
Pmysics.  Vol.  XII.  p.  "iiO.  Or,  DarnanJ  descril}«  the  wondeTful  bbieiicss  of  the- 
aky  as  seen  by  him  from  tlie  summit  of  Little  Oumy  moimtnin,  CuTorndu,  on 
Aag.  16  last.  He  nlsn  spcnliH  of  the  fact  ihnt  bia  view  from  the  iinnimii  of  Pikc*B 
Peak  on  the  precrtlingday  was  spoiled  by  n  snddeii  soow-storm.       , 

I  ascended  Pike's  Peak  ten  days  later  than  the  date  of  Dr.  Barnard's  visit  and 
remained  tlwrc  durintf  the  night  of  Aug.  24  and  until  noon  itf  the  35th.  During 
tbe  Grst  half  of  the  night  the  eky  was  obsuun-d  by  fnatdrtftinB  eluuds,  but  leav- 
ing my  cold  l>ed  in  the  lialf-ruinons  xionc  building  rnrmerly  used  ns  the  Govern- 
ment ^^nal  Station,  and  going  ont  of  doors  about  two  o'clock  in  the  morning,  I 
-was  delighted  to  lind  theclomU  all  gone  and  the  nky  allnxe  with  sinm  down  u* 
the  very  lim  of  the  horizon.  To  eves  accustomed  to  Ilic  ilini  and  smoky  horucons 
of  the  Kast  it  wa»  ponitively  utartling  to  »cc  Star*  ol  the  llrirti  and  fi'iirth  magni- 
tude shining  with  apparently  undiminished  lustre  close  to  tltc  edge  of  the  celestial 
canopy.  The  imtnber  of  vi«ible  slant  sccpivd  to  have  liceii  multiplied  indefinitly. 
I  longtd  for  a  telescope.  The  moat  powcrfol  instrument  I  had  was  an  opera 
glOAS,  And  its  rCYelatlnnit  were  superb. 

After  ^nnitse  the  sky  was  equally  clear,  only  a  layer  of  hoac  being  risible  lar 
below  upon  the  plaitiH,  and  t  noticed,  at  once,  the  abucnce  of  nay  [jercvfitilde  at- 
mospheric gliirr  iiniand  the  Sim.  t'piin  co^ring  the  disc  of  the  Snn  with  ii  Intol 
black  ginss  1  was  able  to  follow  the  pure  dark  Uuc  of  the  sky  right  up  to  the  Sttn'a 


ojp-  k»ftu  a*  t  could  •IcKimiiK  thciT  was  ubsolutcJ)-  tio  lioxc  in  chr  air  abon 
tbc  peak.  This  nprriment  with  ibe  8l«Jk>  wna  mode  wben  the  Sun  was  aemt  the 
tneridtan,  but  curlier  in  thr  day,  and  when  tbc  Sun  (lail  nscn  but  a  few  degrtjts 
•bote  tb«  boricon  the  ahMncc  of  otmosphmc  glarir  wat  equally  notjceabtc  to  Uw 
amiiled  eye. 

I  was  Uk  moic  intcmtt^l  Uy  thcM-  oljAtrrrationit  tiecnuiw  of  the  llicft  rrceot 
visit  nt  I'rofriPKir  llatc  who  hod  fniind  the  ntmnspbcrr  there  iitisiiiiiiMr  i'*r  hn  at- 
tetapt  to  photograph  iIk  cnroiia  without  an  cclipoe.    1  ntii  conrtnced  i ' 
fcMor  Hale's  visit  had  Ix-en  mudc  near  the  vnd  of  Aognsc  be  wuuhl  havi  'i« 

■tr  fiu-  brtter  anitcd  ta  bia  expcnnicnt  than  it  wax  at  ttw  time  whcii  tliai  ei|wf 
inctil    WAS  Iricd-  (HRHi-rr  p.  ttHkvLiiS 


The  Sr  1^  lavMti^ations  of  Mr  C«OTge  Hlggft.~Tlic  giuhlicntiuu  uf  a 

new  plujii  .  rjiof  tilt  uuriiial  solnr  sjirttruiu,  (.-xlntdin^  frum  i  S3A.'V  in 

the  iiifriL-red  to  the  extreme  limit  til  the  tiltnt- violet,  is  nn  event  i'flltiiT)f  lor  more 
than  |>ii«*inj;  comment.  For  such  a  map,  to  prove  itself  truly  worthy  of  pulili 
cation,  mtm  rival  ia  ntceUencc  the  aotogrophii.-  records  nf  the  mlar  spectrnm 
already  in  the  bands  of  apectro4COpnt«-  In  tb>-*e  da>-y  of  rdinrment  in  iit«tni- 
metita  and  metbotl*  it  ii«  u  nuitter  uf  no  small  difficulty  to  niic4'  n  ttclil  nitcady 
(xviiirted  l»T  lenders  of  rrK-  '  prodnec  rviiiilt«  o*  Mich  evi<tcnt  nierif    as  lu 

trti«<'   Inile  nr    on   n>om  •■ni.     Util    this  is  whut  Mr    Of-rm-  Hipirs,  nf 

L  l'>nc.     His  111.1^  ul  liic  solnr  s]iev-trum,  iu  Its  ' 

1"  .      ii,  its  ctcatrr  extent,  iiu<l  I  lie  [wrrei'imn  ol  it-  ■ 

ductioii,  otkrs  III  least  •ome  puiut*  of  supcriurity  over  cveti  the  univcnally  oc- 
ccirfcd  jitniKlfkid  of  cjcccllence  which  we  owe  to  RowlAnd. 

IL  tlmrfurrxi^'^  without  saytnf;  that  during  n  mieni  nay  ol  a  few  days  in 
Livcri'out,  we  were  quite  ready  lu  make  n«e  of  the  opportunity  thne  afforded  us 
of  mltJnic  Mr.  Htfi;)fa  in  hie  luborulory-  In  the  present  note  it  is  not  our  intention 
to  describe  all  that  Mr.  Mings'  kindnet>s  enabled  us  to  see,  but  mnvly  to  point  out 
oar  or  two  features  iif  the  work. 

The  Rowland  cunrave  {(rutins  cmploycil  i»  fnur  incbe*  in  diumeter,  and 
ntdiov  ol  enrvainre  of  10  fcct.  2  imrhcs.  The  w:nlc  of  IligKs'  orifjinMl  ncK' 
ia  Cliiis  nb"ut  ludl'  tlinl  of  Rowland's.  T1)r  (oriii  of  moiiiitiuK  dtircrs  nintrrijillir 
from  ibaL  uBunlty  adup'cd.  The  ^ratinj;  and  pbotojirupbic  pUite  are  lixcd  at  tJie 
op|M>«trr  exiremitien  uf  a  bar  formin|{  the  dintneter  of  n  circle  10  feet  3  inelics  in 
diameter.  The  slit  Is  placed  at  the  extremity  of  a  movable  radius,  and  can  thus 
be»et  nt  any  |iuint  on  the  rirvuniference.  In  pmctitx,  it*  run^fe  t»  lintitnl  to  Ibc 
Uiderso(-i  n.    The  cirviilur  luhle  which  citfrifs  ibi-  l 

bK.  iJaien  r  Viirtii«hed  pine,  ua<l  n  iliorouKhly  h; 

>  ■  --  on  (I  Imsv  Blteet.  |>' 

)i  II.     When  tlw  iii^lni' 

use  It  rtratt  u|miii  t'li'i.-i:  le^.     IX  Uttsc,  two  tcrmiiitite  in  r»llmi,  tlir  siMniliirs  oi 
wJiviIi    Htf  carried  on  peeking  o(  cork  nnd  Indta-rubticr.     The   lliinl   rVitlj  On   a 
L  -board-    111  this  wny  little  diffivnlty  isexpcricTicc^l  froia  vibration. 

i  iic  n«.-ctmi|iiinyinu  cut,  which  hus  been  mn<lc  frum  n  unoll  phototrraph  tatnrn 
hi  Mr  Mif;KS,  will  tcrve  to  uive  an  idea  of  the  arruni^mcnt  of  the  iiutrnmcnt. 
:  wtU  tw  *cen  (li  -l»i«  i]4(-<niiiecrcil  witli  Ihr  silt  find  cnmi-ra  li> 

*!e«i  iu.ii.r-.  If  ejtcliiiHe  the  liKht.  and  iviider  dnrkeniijji  .. 

t,  plnted  uu  a  nlicit  uuttidc  the  windutr,  ii-lic<.tr> 
i.'ii«  of  nbout  'S  icei  lueuii,  which  I'orms  an  Ituajt'-*  "' 
the  Son  on   the  she    When  phutograpfaJnB   tJie  extrvmc  nlua-viotct  a  tUvcred 
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qtiiirti  scrcca  is  ased  to  rut  unt  Che  k»s  trA-anpblr  my*.    The  mnximitni  tniu*- 
p(imii-y  of  tlic  screen  is  for  liplit  of  <i  3200. 

Mi.  lIiKgK  bn«  flcfiuim)  fijcat  skill  in  tbc  um  ofdj-ex  for  uniilitirtf;  phou^- 
}tr«plni*  pitttcK  fur  lh«  luwcr  n-ftiun  uf  t1ic  s|nx'U'udi,  and  n  itftccial  pn:par«tiiMi  of 
aUutriti  blue,  described  in  a  rccwit  volume  of  tlie  Rajral  Society  Prtxxedingx,  en- 
ables blin  to  secure  cxecUcnt  ncRau\-c»  nn  far  down  as  /  &3i0,  As  a  long  strip  of 
iipcctrum  t]>  photogrti plied  on  a  ang]t  plate,  (liHenrnt  cx|Ktsurcs  arc  oreoanc  re- 
i)uired  for  different  rciiians.  A  sown,  pivoted  at  one  side  nf  the  cnmero,  aod 
moved  by  clock-work  nitout  n  vrrticnl  mxis  dunntr  tbc  cx]A)siitT,  makes  it  possible 
to  produce  ncf(ative»olcqoaldcitsil>'  tltrun((haut  lIm- spectrum. 


-=^ 


Mk.  GSOMGU  Hues'  CUKCAVC  GBATIKC  SmCTKOliC-ui-k. 


But  ilie  mysl  slrikins  differencr  bctwwn  tbc  mctbod»  of  Mr.  Hijyj*  iiiiil  those 
of  otbcT  invcsiiKsilor*  is  in  rejinrd  to  tlie  iidju^tnieiit  of  the  np]Mirntua.  Onlin- 
srilf .  a  conciive  pmtink'  h  ndju&tcd  once  for  nil.  and  sinnlt  I'hnnjCL'ft  nre  mnde  from 
time  to  time  us  ocenMon  nceni;*  to  rcqitire.  It  in  wtll  known  that  drc  of  tlic  most 
rigoroii*  rrf)uiriniients  in  the  use  of  tlic  instnnntiit  is  the  eKiltl  piiridlrlism  tii  the 
tdit'aml  the  lincfior  the  grating.  It  in  ukuhI,  hnwcvi-r,  to  regnrd  this  u  dj  list  men  t, 
wbco  once  ninilc,  n»  perm«nent,or  so  nearly  so  x%  to  roquirc  infretjueiit  ititenLion. 
Mr.  HigK5  docs  not  rely  on  any  po^Mbk  pemiaiituw,  bnt  completely  rcadjocts 
the  upi>|>rntU!t  for  every  new  exposure.  \  loiifi  ievcfi  controlleil  liy  cords  within 
cosy  reach  of  Hie  ol>Mrver  at  the  cjr-picec.  jiivcs  the  menus  of  rotating  the  slit 
while  ol)ftcr\inf;  the  >pci:tnim.  Tile  maxlMium  shitrpucss  or  the  lines  cnn  thus  be 
obtained  in  i<  nioment.  The  j|;r»lin^  ci>n  nl*u  Ik  rutuled  nlioui  »  vertjenl  nxi» 
tlirougb  (L  knitill  utiulc.  and  tlie  remfiiniuK  (idjnstnieiiU  etfected  by  tlie  oV>6crrer 
witboot  leaving  his  Meal.  We  haeg  liitleiioubl  tbnt  .Mr  HiijKS'  imirked  >ua'eM» 
isduc  to  the  care  taken  with  the  ndjnstmcntt-  of  the  instniniciit,  which,  it  ethould 
|)eadilL-i1,  WHS  ninile  wholly  (with  titt  BinylecKccptton  nt  the  f;niting)  by  himself. 

Wcareiiide1>lc<)  to  Mr.  lliggs  Ibr  a  portfolio  filled  with  n  f^irnt  vnriety  of 
Bpcctrum  photograph*.  Ttic  Mdur  «|)n-lruni  is  shown  in  vnrionn  nrgioiis,  iti  all  of 
which  Ihe  sharjiitesi!  of  the  Hnce  i*  mnarknb'c-  The  series  indndes  a  large  num- 
ber uf  phiitoKriiphs  in«ilc  with  low  Sun,  and  the  telluric  sjiecintm  has  never  been 
better  portrnyrd.  The  A  and  It  jp^upit  air  (Mirtieulurly  striking.  Other  photo- 
Kraplia  ot  iIh'  si»ectnim  nf  opposite  limha  of  the  &un  show  the  displacement  of 
thcrmcs  due  to  Ihc  ttolar  roidtioii.     In  mnny  of  the  spectra  the  It  And  K  lines 
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contain  in  the  center  of  the  broad  sbsorptinn  bands  distinct  double  reveT^als. 
These  are  dne  to  the  solar  faculic.  The  astigmatism  of  the  concave  grating 
wonld  cause  the  double  reversal  in  any  facula  which  happened  to  fall  uiwn  the 
slit  to  extend  acroBS  the  entire  spectrum.  We  have  seen  similar  double  reversals 
in  Professor  Rowland's  oriKinal  negatives. 

Mr.  HiggM'  photographic  map  of  the  normal  solar  spectrum  is  ]>ublished  in 
three  sizes:  the  tirst  in  44  parts  and  enlarged  4  times,  the  second  in  45  parts, 
enlargement  twice  the  (triginal  size,  anil  the  third  in  15  pnrts,  original  size.  The 
prices  are  £8  8s,  £3  3s  and  £1  Is  respectively.  Mr.  Higgs'  address  is  467  West 
Derby  Koad,  Liverpool.  c.  K.  H. 

The  Change  of  Senaitiveness  in  Dry  Plates.— In  the  Novemlier  number  of 
AsTRONOUY  AND  AsTRO-PHysiCR  nn  interesting  fact  is  stated  by  Dr.  Max  Wolf 
regarding  the  change  in  sensitiveness  of  dry  plates  when  used  for  stellar  photo- 
graphy. Dr.  Max  Wolf  found  that  Lnmi&re  plates  increased  three-fuld  in 
sensitiveness  after  keeping  for  five  months.  The  same  thing  has  been  stated  by 
-others  regarding  change  in  sensitiveness  of  dry  plates  when  determined  with  the 
Wamerke  Sensitometer. 

During  the  past  ten  years  I  have  made  hundreds  of  experiments  on  the  sensitive- 
ness of  plates,  for  day-light,  candle  light,  and  through  red  glass,  but  I  have  never 
noticed  any  change  in  sensitiveness  when  used  for  a  landscape  negative.  Various 
brands  of  plates  have  been  kept  for  a  number  of  years  without  my  suspecting 
any  change  in  the  sensitiveness  when  used  in  daylight.  There  is,  however,  a  pecu- 
liar effect  prodnced  in  the  sensitiveness  of  any  plate  when  used  in  feeble  light,  if 
it  receives  a  preliminary  or  supplementary  exposure. 

In  a  paper  read  before  the  A.  A.  A.  S.,  in  1892.  and  also  in  a  pn|KT  presented 
before  the  Photographic  Congress,  in  Chicago,  last  August,  I  showed  that  a  collo- 
dion or  emulsion  plute  may  become  from  five  to  eight  times  more  sensitive  when 
used  in  candle  light  or  fceble  day-light,  provided  it  had  received  a  pr(>[K'r  amount 
of  preliminary  cxjmsure.  A  plate,  however,  subjected  to  such  prclimiunry  expos- 
ure, does  not  show  incrensed  sensitiveness  when  used  in  sirong  day-light,  or  for  a 
landscajX-  negative. 

My  explanation  of  this  ])lienonienon  is  as  follows:  A  photographic  plate  may 
receive-  a  certaina  mount  of  light,  and  when  placed  in  the  developer,  show  no  vis- 
ible bhk'kening  rit  tlic  tilm.  A  plate,  therefore,  which  has  li;id  a  ci'rtiiin  amount  of 
prelimiiiiiry  cxjM)!iure  may  l>e  under  such  strain  tlifiC  a  very  sin.ill  amount  of  nd- 
dilional  exposore  will  enable  the  devclojM;r  U>  reduce  the  bromide  nt  silver.  I'nder 
this  ciineci)ti()ii  the  actinic  effect  shoidil  be  measured  by  the  Intensity  of  the  light 
multiplied  by  the  time,  jdus  a  constant  r[uantity;  the  constnnt  beluga  fnnellon 
of  tliv  original  sensitiveness. 

U  would  apjjcjir  Iroiu  the  observjitious  of  Dr.  Max  Wolf,  that  ii  chemical  ef- 
fect siniilar  to  |>relimiuary  exposure  m;iy  take  place  in  the  ]ilate  when  l;c]it  in  the 
dark  a  c-crtaln  length  ol  time.  The  subject  is  une  of  grciil  lutcrest,  and  should  l>e 
farther  investigatefL 

(-..   W.   Jlol  '111. 

Sorthivestern  Inivcrsity. 

The  Radiation  of  Heated  Gases." — Tlic  (ptestiou  as  to  the  nature  of  ilie  radia 
tion  given  out  by  heated  gases  is  tlcirly  one  of  fuudameutal  Jmportatice,  lie;iring 

•  1-*.  Paschen :  L'eber  die  Emission  crliitzter  Goi'C,  Wicff.  Ann.,  ltd-  ">(';  |  \<-  409- 
443. 
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am  it  docs  dirrctljr  upon  the  sprctroscapic  study  of  comets  and  iMiboUr.  The  n 
Ject  bosrlnimcd  thr  Attention  o^  numt-roti*  >;x)Krimriit«r«,  who  hnve  mdcOTc 
(odctrnniiie  witvtticr  b  gas  or  vapor  can  give  fa  "chnrectcrinik."  discfmltauoat 
apeclrutn  tn  virtne  of  it»  tcmiicra.tunr  nioiw,  ur  n-brtbcr  a  chemical  |m-i>cci*  is  nec- 
vK«»ry  to  citcitc  the  cbumvCrnstic  molecular  vibrations.  Of  theae  two  »kws.  Che 
latter  appenii  lo  hove  been  the  more  Tuvorably  received-  Kntil  recently  H  ■!■- 
pcnnt  thnt  in  n\\  cxpcrinieiKa  in  wliicb  a  discnntinuoas  SDCLtrum  hai4  licca  oti- 
taincMl  from  a  gas,  90nie  chemkcal  nrtion  was  at  tbe  time  taking  plarc  nt  the 
laminoaasotircc.  The  quration  boa  bc«ii  nrccfitly  put  to  the  te<(t  by  I'nittnibctm. 
(See  Wkd.  Ann.,  Rd-  4S,  jt-  42S;  Hd.  4-9,  p.  347)  n-hi>  IicMtcd  »oilinm  ami  MMliltm 
■alts  inn  porcclnin  tube,  and  rxaminrd  the  miiUiiiK  rmiss>"n  sprct/oKcnpicJilty. 
In  no  cose  was  be  able  to  nmder  the  ttnses  luniinous,  except  upon  introduction 
into  tbr  tube  of  some  redontig  agent,  and  hence  concludes  that  there  w  no  ^ranud 
for  tbe  aasnmpcion  tbit  ;;caacs  can  hcconic  laminons  by  a  mere  incrciue  uf  temper- 
amrr. 

TIk  recenUy  publbbed  work  of  Pasdien  Mruis  however  to  foniMfa  abundant 
evidence  in  fnvor  *>(  lIk  oppiieite  view-  Tlir  problem  which  be  nssiftiied  hiiii»cli 
was  til  the  first  pl.noc  to  dwiM  u  menn»  of  hentinf;  Lite  gits  untlcr  examination  to  n 
mnch  hijrhcr  irm|tcrntttrc  thftn  hml  been  iirevionsly  ottninn),  at  thr  *ani^  time  re- 
diK-in>;  In  a  niinimnm  thr  mniua  nf  hot  iinliil  mullrr  in  tbe  nci^hliorliooit  nl  the  mIiI 
aflhes|K<:tro«copc.  nnd  tocxnmine  tbe  mdintion  by  a  more  dcIicntrmcthDrl  than 
bns  l>ecn  bitlterto  employed.  In  boib  of  then:  the  waiter  wn^  hiijhiy  successful. 
Af  a  means  of  beating  the  gas  n  narrow  strip  of  platinniii  foil  was  wrapped 
around  a  gla»s  rod  in  siuch  a  way  as  iu  form  a  rylintlrical  lube  ^  cm.  long  and 
Ilmm.  in  diameter,  the  edges  bring  brought  aseloar  together  tis  pouible  without 
contact.  The  gliiM  rod  wo*  removed,  and  the  cylinder  placed  verlically  bcfnec 
and  below  the  *lit  uf  iIk-  ipwtroscnix-  ami  m.-iinlaiawd  nt  any  desired  tem)H:raturc 
below  tl>e  melting  |K>int  "f  pl.itinum  by  mean*  of  a  constant  electric  current. 
The  gas  was  conveyed  by  a  glu&&  tube  into  the  lower  end  itf  tbe  cyliniler,  nnd 
after  becoming  heated  rose  in  a  atrenm  before  tbe  slit-  Radiation  from  iIk  jtlnti- 
nam  cylinder  wns  carefully  kept  out  by  a  metallic  itcreen.  Tbe  diaiicrsing  piece 
was  a  tUV"  prium  of  tluor  spar.  This  was  mounted  a|>oo  the  tabic  of  u  6|)ectn>- 
meter  rending  to  o"  and  was  Vcpt  in  the  ptwihon  of  minimom  deriattun  by  a^ 
nntoniatic  device-  Tbe  custoiimry  leiives  wcie  rcptnced  by  eoncare  silrer-on-glai 
mirrors.  Tbe  bolometer  eiuploycd  to  investignte  tbe  socctrum  wits  of  cxtiemcly' 
delicate  couHt ruction.  The  seiu(itivcrciiiatancc  requii-eil  less  than  3  Bek'ondB  to  at- 
tain ncon»tnnt  ictnpcintnre.  since  within  Ibis  length  of  time  after  the  tx-ginuiuj; 
of  a  throw,  thr  Knlvn  no  meter  needle  was  M^iiin  i-uniplctcly  at  rest-  The  giilviui- 
oroelrr  itself  wax  probably  tbe  most  sensitive  ever  cijniitnicte<J.  It  is  described 
by  the  writer  in  a  previous  article.    (See  H  ie<J.  Aau..  Ud-  48.  p.  272K 

The  high  sensibility  was  attained  principally  by  the  use  of  a  number  of  t%- 
trcmcly  i*h(irl  m»gneis,tbe  magnetic  mnment  of  the  system  being  thereby  reduced 
in  u  much  smaller  mtio  than  tbe  moment  of  inertia.  The  needle  gave  a  throw  nt 
1  mm.fnrS.B  X  10~"  ,\mp., the  extreme  theoretical  sensibility  of  tlic  bolofnctcc 
being  5  milliontbs  of  a  degree  cvuttgrRde. 

The  temiieniture  of  the  current  ofgati  whs  tuc»ituii:d  by  means  of  a  I'lnllnuni. 
Ilattnum-Khudium  coupte.    The  suprrior  btntt  to  tbe  tcmpernlun:  em]jlvye|l  wi 
about  I:i50<'C. 

The  gases  examinril  were  Air.  Dxygcn.  Corb(m  dioxide  and  Waitr-rnpor- 
Witli  Air  and  lixygvn,  no  ratliaticia  wna  dt.' tec  ted  except  that  due  tn  irnpnritics 
conidsling  of  water  orcurbon  dioxide.    Thcspectmro  of  cnrlwn  dioxide  allowed  b 
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sharp  mazimuin  of  radiation  at  about  wave-length  4,75  jt,  corresponding  to  a 
deriation  (minimnin)  of  29°  21'.  Near  this  point  the  galvanometer  deflection 
rose  rapidly  from  near  0  to  330  mm. 

la  the  case  of  wate^  vapor,  a  maximum  of  considerable  intensity  (180  mm.) 
appeared  at  wave-length  2.76m,  and  several  smaller  maxima  also  occar  in  auch  a 
way  as  to  suggest  a  band-spectrnm.  The  spectrum  of  the  gases  from  a  Bunscn- 
hnmer,  taken  at  a  point  4  cm.  above  the  last  discernible  trace  of  Same,  exhibited 
an  the  principal  maxima  of  COi  and  water  vapor  as  did  also,  with  increased  in- 
tensity, the  spcctrnm  of  the  flame  itself.  The  intensity  of  these  maxima  was 
found  to  decrease  ra^ridly  with  the  temperature  of  the  gas.  Nevertheless,  at 
284°  C.  the  principal  maximum  in  the  watcr-spectrum  was  still  present,  and  at 
73°  C.  the  COi  maximum  was  dearly  distinguishable-  In  the  latter  case,  the 
hiKbest  temperature  of  the  platinum  cylinder  was  120°.  At  this  temperature 
Patcben  considers  it  out  of  the  question  that  any  trace  of  dissociation  can  have 
taken  place  in  COi.  The  same  continunns  spectrum  is,  however,  present  as  in  the 
Buosen  Same  at  a  temperature  of  1460°  C.  This  fact  indicates  that  a  chemical 
process  is  not  a  necessary  condition  for  the  radiation  from  the  Bunsen  burner 
flame,  or  from  the  gases  which  arise  from  it.  Moreover,  at  the  highest  possible 
temperature  of  the  platinum  cylinder,  the  CCh  maximum  wax  about  %  as  intense 
aa  in  the  Bunsen  flame,  and  the  simplest  conclusion  is  that  they  are  due  to  the 
same  cause,  namely,  a  simple  heating. 

Prom  these  observations,  Paschen  concludes  that  gases  can  emit  discontinu- 
bas  spectra  in  virtue  of  their  temperature  alone,  thus  contradicting  the  deduc- 
tions of  Pnngsheim.  He  does  not  hesitate  to  admit,  however,  that  chemical 
action  moy  be  the  means  of  intensifying  the  emitted  radiation. 

Upon  reading  Paschen's  pai)er,  one  cannot  fail  to  be  impressed  with  the  great 
delicacy  of  his  apparatus,  and  the  accuracy  of  his  results.  The  conclusions 
which  he  draws  from  them,  will  be  interesting  in  the  light  of  future  work  which 
is  bound  to  1>e  done  on  this  sulijcct.  They  apjHrar,  to  l>e  fair  interpreta- 
tions of  the  observed  facts,  and  to  be  free  from  objectionable  hypotheses.  As  to 
whether  Water  vapor  and  Carbon  dioxide  satisfy  KirchhofTs  Law.  no  conclusion 
can  be  drawn,  as  their  absorption  spectra  have  not  been  studied.  It  is  to  be 
hoped  that  Mr-  Paschen  will  push  his  investigations  in  this  direction,  so  as  to 
throw,  if  jxissible,  more  light  u{x>n  this  interesting  (|ucstion. 

KOnKKT  R.  TATNAI.L. 

The  Object-Glass  Grating.— Wc  have  received  the  following  letter  from  Mr,  I„ 
E.  Jewell : 

Sinrx-  writing  the  paper  on  the  "Object  Class  Grating"  in  Asthono.uy  and 
AsTBU-Pnvsics  for  January,  n  further  study  of  the  Hubjecl  has  sliown  the  desira- 
bility of  some  changes  in  the  methtids  jiroposed  fur  i-onstrncting  such  a  graling. 

When  a  grating  for  use  has  l)eeii  cr.nstructcil  upon  a  pUiIc  of  plane  glass,  with 
parallel  surfaces,  then  iastcnrj  of  the  method  SLigK'^''*^*^'*'  '^  would  be  niuch  better 
to  take  another  plate  of  plane  p.'irallel  glass,  and  ctTnent  it  to  the  film  side  of  the 
grnting.  This  process  offers  several  advantages,  the  chief  being  that  the  plioto- 
i;raphic  film  is  protecte<i  from  injury  iti  use,  and  if  there  is  any  irregubnily  in 
fitlier  film  or  plates  it  can  be  conecteil  by  an  optieinn  after  the  graling  has  Ix-en 
made. 

Another  change  thought  desirable,  would  dn  iiwny  with  some  of  the  gnatest 
photographic  difficulties,  i-  e.,  the  cniistniction  of  a  pii()tograpbie  slit  iwrfeetly 
straight  and  symmetrical.  The  diffieutty  may  he  avoided  by  using  as  a  slit  the 
space  between  two  wires  stretched  vertically  by  weights  and  rendered  parallel  by 


I'iittiliK  inio  adjacent  };roovcs  ofsimtlnr  BcrrwHwIiicli  nrc|rrcsscd  af;niii9l  thr  wirM 
'at  the  top  «u(]  Itotlum.  Scrwnn  with  s'imc  koTi.  stiiky,  o]>:i>(uc  maieTinl  Ht  ilieir 
edR^if^"  *>«  P'^^scd  apainBt  the  outer  edges  of  tlK-  wires,  without  nffrcting  their 
}>amllcli«ni  or  dislJinci-  .^pnrt.  so  nx  to  exiflude  nil  lif^ht  excrpt  thnr  which  coma 
tliruu|;h  the  opertun:  between  the  wires.  Furthermore  the  wires  iiiii)r  lie  Binnketl, 
ihusooulinjj  titem  witli  a  thin  tthtcl:  dcjioMt  of  enrbon  which  will  nut  nflect  the 
«lit  iiuravoral>ly,  ))ut  instead  will  prevent  the  reflection  o(  tijibt  at  the  v^nv*  of 
the  wii-e*. 

Greater  usefulness  mny  be  |>iven  to  an  nhject-ijlaas  grating  eunBtrurtcd  ia  the 
manner  suggestnJ.  if  at  the  time  it  m  i-opkd  from  Ihc  original  a  circular  disc  be 
interposed  so  na  to  leave  vacant  a  circular  »|micc  4of  n  aixe  to  be  iletcrmiDcd  hjr 
the  dinmvter  nf  itir  ohje^'t-Kln^K  »nd  other  conxtdcrfilionn)  in  tlir  centrr  uf  IIk 
grating.  In  this  way  a  fairly  good  imaRC  of  the  star  may  Ik  ohtsinetl,  so  that  in 
phoio^'niphing  stellar  spectra  rcqniring  a  lont;  exposure,  we  may  Kratch  a 
straif;bt  tine  ncroBS  the  middle  of  the  photoeraphic  pliitc  deep  enough  to  cat 
throuffh  the  film,  »djusl  the  pliitr  Ho  tlmt  tlic  MCratch  will  txr  |tarnllrl  to  the  equa- 
tor, atid  then  liavinK  an  aperttire  iu  the  hack  ol  the  camera  in  whWh  an  cyr-[>iece 
may  he  nionnied,  we  can  ko  c:ut<ie  the  tclescutie  with  the  eye  a«  to  keep  t))e  star'* 
image  on  the  scratch  in  the  film  of  the  plate,  while  by  sliuhlly  altering  tlie  clock 
rate  we  can  lengthen  the  image  in  right  ascension  so  ii«  to  produce  a  ft>e«trara  o( 
till-  desired  width.  Likewise  Che  scratch  mar  he  adjusted  parallel  to  a  right 
ascrniiion  circle  and  the  «lnr  moved  along  Ihc  ncr.'itch  lir  grudiinlly  nltering  Ibe 
dcclinntion  ol  the  telescope. 

The  many  photogrnplis  or  the  heavens  that  have  been  made  have  shovra  the 
necessity  of  controllinu  the  motioa  of  the  telescope  by  hand  so  as  to  keep  it  cvn- 
Mantly  potnlrrt  in  the  direction  dntired,  ini|ier{t^'tinns  of  clnck-wnrk  and  the  ad- 
iuRttncntH  of  ati  c(|iiBiiirial  necessitating  some  such  control  This  would  semi  In 
be  nearly  »!>  desirable  in  phuto^aphinij  stellfir  Mpcctra  as  iu  phoiojtraphing  tbe 
otnrs  themselves, 

Where  tlie  chief  u*c  of  n  telescope  <s  the  photographing  of  stellar  spevtra,  ttic 
tetcsco|ic  totie  should  not  be  of  circular  cross-section,  hut  nf  such  shape  us  lo  per- 
tnit  the  nsc  of  ns  long  phites  us  the  spectra  on  ench  nide  of  the  normal  will  com 
with  ttw  dis|>ersian  it  ii^  desired  to  use.  LEWIS  r.  jevruLt- 


The  Great  Cluster  in  Hwcales.  — Profcssur  Sclicincr  contributes  an  interesting 
poptilai  article  on  this  ilnsli-r  m  the  lkx-eml»cr  nnmlwr  of  ttimmcl  nnit  lintt,  in 
which  the  drawings  of  Hciscliel.  Sei-chi,  t^rd  Rosse.  Trouvclot,  and  Harrington 
are  coni])arcfl  with  the  n-stiUs  of  photographic  rescarclKs  at  I'otsdani.  The  thrc« 
rndiiiting  "L^nnls"  of  ftome  ofihese  ob9er\*er3  arc  shown  lo  liavt  no  real  rn»- 
tencv.  Narrower  onnnls  and  outlying  rows  of  stars,  or  "arms  "  can  be  traced  to 
some  extent  <in  tlw  photographs,  but  I  hey  arc  not  more  striking  than  nmilnr  for- 
tnitoiix  :trmngcmcnis  o)it:iincO  hr  npnitrr-work.  Counts  of  stars  in  circular 
areas  of  6iiital>lc  radiutf  justify  ttic  suppoHition  that  the  gcnerni  form  of  t^ecltlsicr 
i»  glidinhir.  Professor  Sclfiner  deprecates  the  writing  of  popular  articles  con- 
tflininj.;  ^[>ecu  tat  inns  which  run  ahead  of  scientific  dcmnnntrnlion. 


C  banje  la  the  Brightness  of  Kova  Auricle.— Acctmling  Ui  M .  Itignnrdnn,  nf  the 
Paris  iJliscTvntory,  a  cluingc  of  about  one  inngnttudc  in  the  brightness  Of  this 
uniipic  variiibic  tn'ik  ptaiv  in  (X"tobcr  and  Kovcniljer  of  tbe  past  year.  Tbc  ItgU 
fell  olF  notably  between  the  middle  of  October  and  tbe  Slh  of  Novnnlwr,  Ilicn  in- 
creased for  H  few  day?,  but  the  l/rightncxs  of  Oct.  10  was  not  regained. 
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ClirwiMtic  Abemtion  of  Telescopes. —An  interesting  discussion  of  various 
matters  pertaining  to  telescopes,  at  the  Noveraber  mectinif  of  the  Royal  Astro- 
nomical Society,  is  reported  in  the  December  number  of  the  Observatory.  Mr.  H. 
Dennis  Taylor  read  a  paper  on  the  amount  of  light  lost  for  purposes  of  definition 
by  the  effect  of  chromatic  aberration,  and  arrived  at  the  conclusion  thnt  the  loss 
is  very  considerable,  varying  from  9  jier  cent,  in  the  case  of  a  6-inch  refractor  to 
50  per  cent,  in  that  of  the  new  28-inch  Greenwich  equatorial.  Owinj;  to  the 
great  focal  length  of  the  Lick  telescope  as  compared  with  its  ajierture.  the  loss  in 
that  case  is  small, — only  27  per  cent. 

As  the  total  amount  of  light  in  tli^  image  is  independent  of  the  nberrHtioii,  it 
is  evident  that  light  is  not  lost  in  the  sense  that  it  would  l>e  if  absorbed  bv  tlie 
object-gluss.  The  effect  of  the  loss  of  light  referred  to'  in  a  techrical  way  by  Mr. 
Taylor  is  equivalent  to  bad  definition  in  the  ordinary  way  of  regarding  the  sub- 
ject. Mr.  Taylor's  method  of  procedure  seems  to  have  been  the  following: 
starting  with  the  color  curve  of  an  objective,  obtained  either  by  observation,  or 
by  computation  from  the  known  constants  of  the  glass,  the  diameters  of  the  cir- 
cles of  chromatic  aberration  at  any  given  plane  (assumed  to  pass  through  the 
focDS)  can  be  found,  i:nd  hence  what  rays  fall  within  and  what  without  the  limits 
of  the  theoretical  star-disc.  Evaluating  the  physiological  effect  of  the  rays  so 
divided,  by  means  of  Abney's  curve  of  luminous  intensity  in  the  normal  solar 
spectrum,  the  percentage  of  light  thrown  outside  the  star-disc  is  obtained,  and 
this  light  is  regarded  as  lost. 

While  it  is  hardly  fair  to  judge  Mr.  Taylor's  paper  by  the  brief  abstract  given 
in  the  report,  the  results  already  mentioned,  taken  in  connection  with  ordinary 
experience,  lead  to  the  belief  that  he  must  have  set  too  high  a  value  on  the  scat- 
tered rays.  Dawes'  rule  gave  for  the  distance  Ixtween  double  stars  just  admit 
ting  resolution  bv  a  telescoiw 

+".56 
a 
(a  being  the  aperture),  while  theory  gives 

5".52 
a 
the  actual  telescogK  thus  exceeding  its  theoretical  requirements.  The  difference  is 
no  doubt  due  to  the  fact  that  the  illumination  at  the  e<lges  of  the  star-disc  is  very 
feeble,  so  that  its  full  size  is  not  seen  except  in  the  ease  of  very  bright  stars. 
Dawes'  formula  was  deduced  from  oh^tervntions  maile  witii  smalt  telescopes,  but 
the  great  telescopes  of  modern  times  have  shown  themselves  capable  of  working 
op  to  nearly  the  theoretical  limit.  Hence  it  would  seem  that  pructieally  chro- 
matic aberration  is  less  injurious  to  definition  than  Mr.  Tsiylor  finds  it  to  Ik. 

.\5suming  that  Mr.  Taylor's  theory  is  correctly  otitlincd  above,  the  explana- 
tion of  its  apparent  variance  with  the  results  of  experience  may  be  as  follows; 
Consideration  of  the  color  cur^'e  of  a  well-corrected  objective  shows  that  the 
greater  part  of  the  "  lost "  light  falls  very  close  to  the  circumference  of  the  theo- 
retical star-disc,  which  is  after  all  a  somewhat  arhitrarj'  limit ;  hence  the  effect  of 
this  light,  which  numerically  would  rank  with  widely  scattered  light  of  the  same 
intensity,  is  merely  to  slightly  enlarge  the  image.  It  is  further  to  Ix-  observed 
that  the  distribution  of  light  in  the  superposed  circles  of  chromatic  aberration  is 
not  uniform. 

The  Astronomer  Royal  stated  th.it  the  color  curve  of  the  new  28-inch  objec- 
tive, obtained  by  observations  with  a  McClean  star  spectroscope,  seemed  to  differ 
from  the  color  curves  of  other  large  instruments.    The  minimum  focus  (at  a  point 


lulfway  bctwmi  t>  and  B)  BoroKd  to  be  tdKber  tUan  usual,  nltliuuKh  Ibe  out- 
•tandbi;  color  in  ordinary  observatiDil  wa*  entirely  •atisracToc7  to  tbc  rye 

Atlention  may  bciv  lie  called  to  the  fact  that  tbc  MeClcsn  Bpcctmaci)|ic  is  not 
suitable  for  encb  detcrmiiiolions,  as  tiie  cunsideniMc  cbramatic  crrora  of  the  a|»- 
parntiia  and  of  tlic  eye  vitiate  tbc  rcaalts.  A  slit  spcctruacopc  abooitt  lie  uurd,  and 
the  •d)oBtiDeiita  of  tbc  iriKlrumcnt  fur  each  part  of  the  KjMvtram  drtvnnioHl  be- 
forehand b;  tncons  of  solnr  bnm-  In  ;{en?rsl  the  miniaium  focus  of  a  luixe  tele- 
scope lie«  Nomrwtmt  bibber  tbaii  tbe  place  ntcniioned  by  the  Acironomer  Royal 
( I»).    In  the  Li*:V  tcttsciipc  it  i»  at  nbont  X  66AO.  j.  u.  k. 

Notes  on  Stellar  Spectra.— Iti  Agtroiiomische  Nacfiriebtea,  No.  20&S.  Bspia 
en  llcci  ottcntion  to  the  fact  that  the  Htf  hydrogen  Unc  is  very  bn;;ht  in  ip  Persd. 
6horll,v  nftcm'ard  I  exnmiiKd  tbe  ftpectium  ol  tlini  Mar  and  lonnil  l|i>  to  be  vtrj 
niu'^li  blighter  tbnn  H/S,  as  it  is  at  preHCtit.  ]  euppowd  tin-  bri};Iit  flit  line  was 
Well  known,  but  iim  uiuible  tu  fiud  any  •tateiiK-nt  that  it  buH  been  ubnrrved  by 
oihera, 

Pmfcraor  ricVering  and  Mr«.  tA.  Fleming  have  annonttced  in  various  places 
that  tbe  Draper  Catalogue  pboloxraplia  show  the  Ufl  line  to  lie  bright  in  the 
Ktant  i'  Perset,  s  Aqunrii.  x  Driiainis,  v  Cygtii,  i-  Satottnrii,  x  (tphiiichi  and  Cord. 
Geo-  Catal..  7191.  I  base  examined  the  spcetra  ol  a|l  these  stars,  and  in  cTery 
case  tbc  Ua  hydrouLii  line  is  briftbt  and  vtrr  much  easier  tu  observe  thnn  the  Hj 
Kdc.  The  hydruj^eii  lines  in  tbc  violet  of  these  stars  arc  (itabably  dark,  for  the 
most  part:  hut  photogrniihs  of  Ihc  rcgiotiK  Ua  in  IM  of  some  ol  thc«e  stors 
show  pecu]iaritic»  of  considerable  interest,  and  make  a  detailed  invcstitration  dcv 
Kinibte.  Thns,  in  ip  Pcrwci  iIk  Ry  and  Hif  lines  conkiat  each  of  two  nnmtw  bright 
lines  about  four  tentb-metres  apart  upon  a  backxronnd  t>ut  elixhtly  darker  than 
the  ordinary  continuous  spectruoi.  In  t/ CyRni  H.5,  Ky  and  H4  consiit  of  nar- 
row bright  lines  upon  broad  and  nearly  dark  boekgrounda. 

Miss  A.  C.  Maury  found  from  the  Draper  Catalofue  plates  that  H^  and  pos- 
sibly H^  in  the  spectrum  of  Pleionc  consist  each  of  a  narrow  bright  Hat  on  a 
dark  luickground.  Tbe  Hit  line  iH  brif^bt  in  thia  Star.  Other  obscrrcrs  hare  pov 
sibly  cnlled  nttentinn  to  that  fact,  bat  I  am  nnablc  tn  find  any  soch  rcfrrenoc. 
Qualitative  investigationn  of  these  spectra  cannot  be  made  advantageously  by 
pbcFtos'^pK'r  vrilh  the  36-inch  telescope,  owing  to  tbc  large  chromatic  aberration 
of  tbe  great  lenses  in  the  blue  and  rtolet. 

Tbe  spectrum  of  Akyane  is  always  classed  as  Secchi's  type  I,  or  A,  as  in  the 
flraper  Catalogue;  that  is,  a  spectrum  containing  dark  (and  nsually  ratlier 
broad)  liydroKen  \\nv%.  I  bare  observed  this  ular  visunlly  and  foirad  tbc  Hu  Iiy. 
drogeu  line  to  \k  bright.  It  is  not  very  intense,  bat  in  good  aceing  Is  easily  risible 
with  lite  3fl-iiich  telescope.  Tbctc  'x»  a  nnrroti-  dark  line  in  contact  with  it  on  ilic 
tide  of  snintter  w-ave-lcngih,  and  possdily  a  still  hner  one  on  tbc  side  of  greater 
wave-length,     i  do  not  think  ihiK  line  can  be  seen  with  «  12  inch  trlewope. 

A  pbniograpb  ot  the  portion  of  the  spectrum  between  Hfi  and  K  nboVk'S  11/), 
Ht*.  W*  and  H  to  Ijc  dark,  as  was  c«pected,  and  a  few  additiunul  fine  dark  liuoa- 
— W.  W.  C.  in  PabUeatioos  of  the  Astronomical  Society  of  tbc  Paci'Ar,  No.  33. 

The  ciifitencc  of  both  bright  iind  dark  hydrogen  Knea  in  the  same  spccinnn 
•eenis  to  he  the  most  remarkable  and  mysierians  8pcclro<>eopic  anomaly  yet  dis- 
covered. So  far  it  has  been  observed  by  Professor  Campbell  only,  but  few  other 
observers  have  the  facilities  which  are  probably  required  for  IIk  purpone.  An  vx- 
planatiou  of  ilw  pbcnonienoo  in  qunttion  wita  sug;;"""'  '»?  I'rofcsBor  Frost  at 
tbc  AstTo-Phy«cal  Congress  tn  Chicago,  but  it  seemed  inadequate  to  aecooat  for 
more  than  a  very  sHght  contrast  in  the  intensity  of  tbc  lines. 


The  liriRht  Ua  line  in  the  spcctrom  of  Pidotte  was  noted  by  K<«ler  <A*rvaN> 

oi»t  *";"  «.s.i  v.wp.n^n-t   \,i  1 1 4,  p.  353). 


Tbt  PUiuIarr  HetiHU  SD.  —  la',  117s.— In  No.  32  nf  the  Pabficatinn*  of  tb« 
AatroaoBucitl  Sucictx  ttf  the  PmciSc,  ProfisimM-  Cinijilien  give*  »quic  details  ^^ 
gardtiijit  thr  •(m-tntm  "f  Ihis  n^bul",  twliich  was  iHscivcrcO  by  Mf».  PlcnilntT  uti 
tbe  Hnrvaril  plaU-s.  The  nrttiila  is  nlmut  15"  in  ilinmctrr  and  il  han  a  nurlrus  nr 
oenlml  auir  of  thr  Utb  ni<iitnitadc.  Tlic  itirce  montK'liromnlic  tmugc*  corre** 
poBiltnj;  tn  itic  thnv  almtifint  nrlmlnr  Unctt  at  I  5007.  i  '1959  onri  /  4H0S,  wet* 
OKatuml  with  a  mjernmrirr.  the  slit  being  open,  and  their  di/>metem  wrrv  found 
tobe  11",  9"iinin*"  rrtpeciirely.  Thi»  woulil  show  ttial  the  hrdroh>rn  mwl- 
<tpE  n  uitrfT  rxten«tvG  tbnti  the  other*,  bat  it  it.  not  slated  whether  allQwntwe 
w  ■  ■  'I  itif  effect  •JleliromHtif  Hlierrntion  oti  the  diiinieler  of  the  image  at 

If  -      Tlie  difftreiicrs  nre  ]>rr)ini)s  too  grciit  to  be  accounted  for  in  ihi» 

wajr- 

Tbe  nebula  n:«emhle»  the  great  neljula  of  Prion  in  the  relntiw  utrrnxtliof  tbe 
bjii]tx>]:ni  Unes,  and  b»  it  ocviir*  in  the  fame  ttebuluu*  resion.  n  (Hilsible  cotBMDii 
urjgin  of  the  two  objccu  a  uiggjcstoft. 


''       ~        '■''■  Stai.— \V<i  "  ohscrvntoryCinnilfU' .\o.  3M  nnnoUDfes  that 

pi-  ■■'  11  *»iUi  (III  It  u-tcvcupc  show  that  the  Mur  E».-Brrni.  57. 

R.   A..  J I^  <iv^  5K'.  Dec.  -r  uti'  23'  (1855),  Mag.  *§£,  i»  vannble.    The  iitAr  b 
now  of  tlieH.."!  nm|{iiiliide,  tviK  III. 


Stua  with  Kenurluble  Sptctra.— Mr.  BBpin'i  latest  tlst  (In  A.  N.  3300)  coa- 
tMiaa  over  uor  hundred  «tAr(,  muit  of  wbicli  ore  of  type  111.  The  tpcctruni  of  R 
C<  '  >'  bright  hydrogen  lines, a  yellow  fine  (!>]?)  nnd  numerous  other 

hi,  'tamU.    Some  ihun^es  were  ohKrved,  indit.-attii;f  pcrhup»  ttutt 

tW  »(Kxtt-iun  a  a  driubk  aiK.  Tbe  spectrum  of  T  Coronv  in  now  certainly  not 
ocbnUr,  Aft  l.o<.'kyer  »tatcH  il  to  be  in  1HK9,  and  jirobnbly  it  is  cd'  lyjie  III.  The 
Hy  line  may  1«  briiiht. 

Observation*  of  a  Solar  ProminEnce,  and  Reretsal  of  tb«  D,  LliM.--Mr.  W.  B. 
Woods,  of  Wasbtnirton,  D-  C,  tcndn  u9  skctx;bu  of  a  prominctiicc  obMrveil  by  liini 
no  tllc  o'trth^aat  limb  of  the  Sun,  on  Dec.  18,  IH93-  The  proaiincoec  wna  nut 
ipadally  active,  as  indicated  by  the  apjiearauce  nf  tlie  hydrogen  Itnca.  Slight 
^(kttmetn  were  itnspectrd  in  the  furni  ol  the  iirtmiineiicc  rh  oltscrvcd  in  different 
linen  of  the  Rperlnttn>  These  diffrrrTu'ca  are  imlicattil  in  ihe  sketches  The  latter 
pan  of  tlK'  letter,  feinting  tit  n  :'ti]i{><>»ed  doultk-  revcrujil  (if  liie  Ui  hne,  iit  given 
hctow. 

"A  feature  of  tho  wTiBCT^-alion  wus  theap|iarcnt  reTcraal  of  the  Di  line,    Tina 

ia  iinprrfeeily  inilicnted  in  tbe  sketch.     I  hnd  grave  doulju  a»  to  tlir  fuct,  nt  Brat, 

mad  iTtQmcd  10  the  l>]  linv  again  and  aRuhi.  after  olmerrations  of  the  other  iioefl, 

«nd  finally  dceidcd  iTom  foar  aeparate  observation*  that  th«  reversnl  uccurred 

only  at  ttr  very  near  tbe  baaeof  the  |trominence;  of  this  fact,  1  uui  iKuitive.    1 

am  not awarv,  cither  by  eipericnce  uf  iIk  pAnt  two  yearn  with  IheaijevlroKope. 

"-  'if  wthrr».  of  the  rcvrrwd  of  Dj,  hut  it  was  so  decided  tu  this  mom- 

h-  -.ntiim  th.nt  I  ihouKhi  it   well  to  note  it-     A  feature  of  this  reversal 

ws9  tiic  uufiymmeLrical  situation  of  tlu:  dnrk  line  with  restwvL  to  the cdgn  of  the 

tmght  line.     It.*  sitnatioa  waa  toward  the  more  rel'rangi lile  side  of  the  line;  di* 

viiting  the  width  (not  bcight)  of  the  bright  hne  into  fiiur  parts,  it  would  mxttpy 
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tllc  tbini  ruuftti.  Thib  datk  Ihir  wns  iiiittsiinlly  hIiai'|i,  liliick  ont)  fmr.  Tile  AttJ 
wnn  rruiitrlc:! bit-  for  the  fiunty  and  tjutct  u(  ttic  »(tiK»>iillcrr  'iml  ihc  itcfitlilnm  ihr 
\xt\.  In  two  ,Tc«iT»i'  work.    The  gmting  has  34.000  liow  lo  lie  inch." 

Arvbitcct's  Offiit.  M.  S.  Cftpitol,  w.  B.  wouu^. 

n'Aftiiiii^'tuti.  D.  c. 


Unit  of  Velocity  in  the  Line  of  Sight.— lit  vevmt  vcrr  imfurtiKiHtc  tlint  t 
«boul<)  be  snci)  a  lui:k  ol  uiiifunithv  mnutiij  s )>«<.' troftcopists  ad  to  the  unit  etn- 
plovrtl  tit  cx|ir7»Hn);  vctocitic»  in  the  liiic  ul'  siijlit.  Within  the  |his1  vcur  rr«t>lt« 
rx)irrsJ4-<1  ill  four  different  units  have  heat  jmhlisliefl  in  M-ictitilic  joumnlit.  These 
units  nrc  lite  German  gcojjrHphical  mile,  the  llcae gcogritphiqitc,  tltc  EiiKli«h  mile 
anO  the  kil'iinctcT-  The  Inst t  ntlincd  is  the  onlv  one  which  eiin  larcluim  to  inter- 
nntirmal  nccep'ance,  and  the  ohject  or  I  his  note  is  to  urge  ii)Kin  spectrusoopists 
llic  unifonn  iiduptton  of  the  kilomcier  in  expressing  velocities  iu  the  line  of  sight. 
,  it  Bjiitcars  almost  superlluous  to  add  other  reasous  for  this  simple  cxtcn»ioa 
Drtlic  ustr  uf  tltr  mctrie  nyitlcni  in  the  intercut  of  uniforoiitjr-  We  mention  but  oi»e 
or  two  uf  the  other  points  in  favor  of  the  kilometer. 

The  diBpUwciiienlsof  thcspcetriil  lines.  Ijotn  whieh  the  velocities  in  the  sight 
hoc  lire  dcdiK-cd.  arc  now  univcrsaDy  rrckoned  in  the  metric-  Bysiera.  cither  the  tcn- 
milhonth  or  the  millionth  of  a  millimeter  heinp  entftloycd.  Synimctrj  demnnds 
the  usK  of  the  sanic  system  in  the  other  member  of  the  proportion,  and  it  may  be 
recidled  ineiilentnlly  that  Newcotub's  official  Statement  of  the  Telocity  of  light  •• 
in  kiktmctcra  per  second. 

The  maguiiode  of  llie  kilometer  is  also  very  convenient  with  the  present  ac- 
cursey  of  tlie  dc  term  inn  tions  of  stellar  veluuttes  in  llic  sEj^ht  line,  and  this  caa- 
vmienee  will  continue  ns  our  accuracy  incrcnHca.  Decimaln  of  a  kilometer  do  oot 
ordiuarily  need  to  be  used  in  a  single  determination  and  the  tenths  of  a  kilometer 
arc  at  prewnt  nil  th»l  i*  required  tor  the  mean  value  of  a  scries  of  detcrminalion«. 
It  is  diflicult  to  sec  what  actual  nrlvnntngc  i«  gftiTied  hy  the  emplojnietit  of  a 
larger  unit  even  in  such  oases  as  that  of  Nova  AuriRn;,  where  tlie  unverlninty  of  n 
determination  must  for  ordinary  instruments  amount  to  sercral  kilometers,  inas- 
much as  an  Idea  of  the  measure  of  accuracy  may  be  gained  from  the  probable  er- 
ror or  irom  the  deviations  of  the  isepainte  determinations  from  the  mean. 

It  i»  (rrtNin  that  neither  the  Oeniiaii  ^CORrnphical  mile  nor  the  Hette  gca- 
graptiique  will  be  ndoptcd  in  HuKlith  »pcnking  countries,  and  cijually  certain  that 
the  Gnglit-h  mile  will  not  find  acceptance  on  the  Continent.  The  kilometer,  how- 
ever, ought  to  be  alike  acceptable  to  all  |)art>c«. 

In  this  connection  may  we  allude  to  the  fact  thnt  the  metric  units  Are  real 
Bnttliwh  wonls.  and  titat  the  lending  rlictionnrie*  prefer  the  spcllii^  metrr  to 
laetre  and  eimilnrly  for  the  other  units  with  like  cndinf;*. 

While  mentioning  this  the  need  of  a  pro|M.-r  term  and  abbreviattoa  for  the  teo- 
millionth  of  the  millimeter  recurs  to  mind.  The  word  "tenth-meter"  Is  objection- 
able because  it  does  not  adapt  itself  to  other  lau^tiages.  "'X-meter"  is  very 
clumiiy  and  " Ang^trmJ'»m  unit"  no  tcfla  so.  S<iggc6tinns  (or  a  suitable  interna- 
tional name  and  abbreviation  or  symbol  for  this  unit  have  Itcco  in  order  for  a 
longtime.  edwin  b.  prost. 

pt  i»  to  be  hope^l  that  ProfessAr  Prost's  suggestion  «riU  meet  with  general 
approval.  In  this  connection  it  seems  proper  to  add  thnt  in  the  translation  of 
Scbeiner'e  Spn^tra/ann/^-neJer  Oesfirne  ou  which  he  is  engaged,  Profetutor  Prost 
has  adopted  the  kilometer  as  tbe  unit  of  velodtj  in  the  line  uf  sight.] 


CURRENT  CELESTIAL  PHENOMENA. 


PLAMET  MOTES  FOR  MARCH. 


B.  C    WII.SOX 

Memrr  dttfivc  MwA  wM  %x  p«wiw|;  hccwrai  tfac  eartk  and  the  Sw.  u  awr 
be  MCa  frmi  tki  <^ptw  tn  o«r  ba  nMlcr,  page  71>  Foe  Uk  im  two  oi  thro 
<lay*  the  planet  w3l  be  Tuafct  m  tW  CTtcai^jt  after  <—■«.  la  onkr  tA  Me  it 
osc  MoaC  Uok  ti>««rd  tbr  mat,  jaM  a  bile  afcawg  €kt  boriaos.  Oa  Uftnfa  14.  2^ 
IH'  a.  M-,  MmvTf  win  ba  ia  co^iaactaoa  wtdi  the  Sbk,  aod  after  tbat  tfOK  it  win 
br  taaraMU  pUaet- 

I'eana  wiQ  brararvaie  aUir  avd  rafMty  cawr  oat  frrm  the  i«y«  of  tkc  San. 
Sbc  wQI  iiMiiaai  rapUlf  ia  hgWmmcr  an  thai  aoac  caa  ansuikc  hir.  yaatm  bcO- 
ttAfKj  lirtaie  attaiae^  im  tbe  Zted  of  Uafdk  Vcaaa  wOl  be  in  co^nctiMi  with 
tbc  m  nninc  noon.  IS*  28*  nortfa,  Uvrdi  «  At  9*  39*  r.  M.  Ceatnd  tnae. 

M*rt  ritn  »t>n«t  4  oVIorfc  is  tlir  tBomingaad  is  at  Kocb  n  aomthtm  ftpciina- 
tion  i^E  there  w9IbelittkoppoRni»t7f9rotMKnratxmofthis|iUBCK.iaBortlict« 
jtatks  dariaf  y^nh.    It  i>  in  tlic  eoosXcOatioa  SagiuarTUS  aaJ  aotrageatt- 
ltd.    Mar*  will  br  (D  cuejimct*OD  witb  the  Uooa.  4*  44'  sorth.  Mairh  1  at  1 1^ 
•r.  M-  anlagaict  MairfaSOat  11*  AS*  p.  M. 

Joprtcr  wiU  In-  ta  jeood  pouticin  for  obKrratiOB  in  the  carfy-  rwraiag.    Hte 
I  wmitJiwcat  of  the  Pleiadu  b  eo  well  koown  bv  this  thnr  that  ra  nenla  ao 
Hin  motioaB  donaf?  llanh  wilt  be  castwnn).     Jnjatcr  wiQ  be  in  coa- 
.  wHb  the  UixM.  4°  4V  wnth.  Uan-h  II  at  2>-  4tl'"  r.  M. 
SMt^ra  m^  m  the  ewatnjt  antl  wiH  be  id  gnoA  jttmtiaa  (or  tiiiaenrmtitta  after 
kidfiix^t.    Por  tbe  poaitna  or  th»  ploart  in  <he  coosulUtioa  Vlij^  kt  the  chart 
I  OUT  la«  anmbcr.    Satan  wiU  be  in  cmQiroeiioa  with  the  Mooa.  4"  24'  north, 
\fan.-h23at3^Ul-A.  ■. 

Ormjn*  u  in  tbc  eoRKcUatioB  Ltbrs,  •onthcut  from  SaUrm  (sec  chart  page 
73),  atid  may  be  obaerrcd  after  nldnlght.  rronu*  will  be  ip  co^junetioa  with 
the  Moon,  3*  39'  north.  «!  6*  1 2-  f.  y..  March  24. 

AepCaur  witi  be  in  good  ptwition  for  obsermtion  daritig  the  catty  crcaing  in 

Manh-    Tbe  |>oaiuoo  of  tlii*  planet  in  Taimis  »  anchanxed  frtm  lost  month. 

The  astCTok)  Jaao  it  in  tbc  niastcllation  Libm  nbont  6°  noftfaeaat  of  the  star 

p.    It  is  nukin);  titr  luni  of  the  h>op  in  its  a[>pamit  path  and  after  the  raiddte  of 

the  mi.nilt  ixill  iTiovc  wrntward. 


PLANET  TABLES  FOR  MARCH. 


[TW  time*  ■!•««  an  loot  (Iiik  for  Nonhfirld,     To  obtain  Bt««i4lAfd  TIMtt  for  FIOMa 

la    opproxttRMUlj   tkc    wttne   Intltvile.    nilil  itir  illArnmcc   b*twccn    AUuidanl   and  Local 
TiMc  U  wnl  i>(  the  8f  aadard  Mcridinu  or  autiuact  If  coat). 


UBKCUKV. 

Date. 

U,h- 

tMd. 

RlMO. 

Tnindta. 

S«t*. 

Mat.     G,> 

15.. 
24.. 

k       m 

^.23  aij» 

.„.2a  27  0 
_..23  00.7 

•+■  2  »a 

-{-    0  02 
-    4  33 

h    RI 
G  44  A.  M. 

S  SO     " 
5  UD     *' 

Ii       ra 
12   37.6  P.  M. 
11  53.7  4.  M. 
10  54.1     "• 

b    m 

7    11  P.  H 
G  67     " 
4  40     " 
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VENUS. 

Date. 
1894. 
Mar.      5... 

16... 

26... 

R.  A. 

li       m 
...21  20.5 
...21  25.0 
...21  42.5 

Decl. 

a          f 

-  7  36 

-  8  59 

-  9  23 

RiBca. 
h     m 
4  54  A.  U. 

4  24     " 
4  04     " 

Traaalta. 
h    m 

10  27.0  A. 
9   62.0     * 
9  30.3     ' 

u. 

Seta. 
h       m 
4  00  P.  M. 
3   20    " 
2  56    " 

MARS. 

Mar. 

o... 
15... 
25... 

...19  OO.G 
...19  31.0 
,...20  01.0 

-  23   16 

-  22  32 

-  21  27 

3  42  A.  M. 

5  31     " 
3  16     '* 

JUPITER. 

M 
7 
7 

07.5  A, 

58.5 

49.1 

.  M. 

It 

12 
12 
12 

33  p.u. 
26    " 
22    " 

Mar. 

5... 
15... 
26... 

...  3  32.4 
....  3  38.7 
....  3  45.8 

+  18  25 
+  18  49 
+  19   15 

9  18  a.  m. 
H  43     " 
8  09     " 
SATURN. 

4 
4 
3 

37.8  P. 

04.S 

32.6 

M. 

11 
11 
10 

58  p.m. 
27    " 
57    '■ 

Mar. 

6... 

15... 
25... 

...13   34.1 
...13  32.0 
...13  29.5 

-  6  54 

-  6  40 

-  6  24 

9  02  r.  M. 
8  19     " 
7  36     " 

2 
1 
1 

37.8  A. 

56.3 

14.6 

U. 

8  14  a.  U. 
7  33     " 
6  53     " 

URANUS. 

Mar. 

5... 
15... 
26... 

...14  51.5 
,...14  50.8 
...14  49.8 

-  16  01 
-15  58 

-  15  53 

10  57  p.  M. 

10   16     " 

9  36     " 

NEPTUNE. 

3 
3 
2 

66.0  A. 

14.9 

34.6 

M. 

8 
8 
7 

58  a.  H. 
13    " 
33    " 

Mar. 

5.. 
16... 
25... 

....  4  37.8 
....  4  38.2 
....  4  38.9 

-  -  20  35 

-  -  20  37 
+  20  39 

10   13'a.  M. 
9  34     " 
8  55     " 

THE  BUN. 

5 
5 
4 

43.0  p. 

04.1 

26.5 

U. 

1 
12 
11 

13  A.  H. 
35    " 
56  p.  X 

Mar. 

6.. 
15... 
25.. 

....23  05.0 
....23  42.2 
....  0  18.7 

-  5  51 

-  1  55 
+    2  01 

6   31  A.  U. 

6  13     " 
5  55     " 

12 
12 
12 

n.5p, 
08.9    ' 
05.9 

11 

5 
6 
6 

52  p.  u 

05     " 
17    " 

Apogee 

New  Moon 


Phases  and  Aspects  of  the  Moon. 

Central  Time. 

d         h    in 

Mar.    1     10  06  A.  M. 

"       7       8  18  A.  H. 


PJanet  Tables. 
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Jupiter's  Satellites  for  March. 


II. 


PbRBca  of  the  Bclipsea  of  the  SateHHes  tor  an  Inverting  Telescope. 


III. 


IV. 


ConSgaratlon  at  7*  for  an  Inrerting  Telescope. 


D«y. 

Weit 

Gait. 

1 

■4 

3- 

O 

■2 

•!• 

2 

■43- 

1- 

02* 

3 

■3 

•2    -4 

o       -1 

4 

1-  -3 

c 
c 
c 

■4 

■3 

■4 

■29 

5 
6 

— 

2-" 
•1 

) 

-    J.    - 

— 

7 

•2 

3- 

•4 

9    O  !■ 


3- 


O- 
O     2~ 


■2 


10 


11_ 

■l2| 
13  1 


C 
■31-         O 


4- 


4- 


-2* 


4-  12- 


O 
O 


■3 


2- 


■3 


14: 


4- 


15! 


16 


17 


3- 
■3 


2- 


O       1- 

'o3-  -2 

"ov_   ^' 
o 


3- 


18 


.4 


191 


■4 


201 


■3_  1-  ^O^ 

"  _  'o 

"l-  -4  2-   O 


-31      2- 


■3 


21 


■2 


22 


O  -i 

O     3-  '2 


23 


3- 


241 


O    1- 

"6" 


2- 


25 


26  I 

27  102- 
28| 
29| 
30J 

'311 


4- 


■2 
2- 


■2r  o_ 

O  -3  -l" 


■2 


■4 


4- 


■4 


4- 


■I  4- 


3 4^ 

3' 


■1 


4-0 

5 

■1  o 


I- 


2- 
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Phenomena  of  Jupiter*. 

■  SftteUltes. 

Centnl  Time. 

li 

m 

h      m 

Mar.  1 

12 

13  P.M. 

til 

Tr.  In.                 Mar.lO 

4 

22  A.  M. 

II 

Sh.  Eg. 
Oc.  Du. 

2 

21      '• 

III 

Tr.  Eg. 

2 

46       " 

I 

6 

28      •' 

III 

•Sh.  In. 

6 

l(f     *■ 

I 

•Ec.  Re. 

6 

18      ■' 

I 

•Oc.  Dis. 

11 

11 

65     " 

I 

Tr.  In. 

7 

28      ■' 

III 

•Sh.  Eg. 

1 

08  p.  M. 

I 

Sh.  In. 

9 

45      " 

I 

•Ec.  Re. 

2 

08     " 

I 

Tr.  Eg. 

2 

3 

27     " 

1 

Tr.  In. 

3 

21      " 

I 

Sh.  Eg. 
•Oc,  Dw. 

4- 

44     " 

I 

Sh.  In. 

S 

45     ■' 

II 

5 

41      " 

I 

•Tr.  Eg. 

8 

10     " 

II 

•Oc.  Re. 

6 

57     *' 

I 

•Sh.  Eg. 

8 

14      " 

II 

■Ec.  Dia. 

8 

48      " 

II 

•Tr.  In. 

10 

31      " 

11 

Ec.  Re. 

11 

13      *' 

II 

Tr.  Eg. 

12 

6 

25  A.  H. 

III 

Oc.  !>!■. 

11 

21      " 

II 

Sh.  In. 

8 

35     " 

III 

Oc.  Re. 

3 

1 

44  A.  M. 

II 

Sh.  Eg. 

9 

15      " 

I 

Oc.  Dis. 

12 

47     " 

I 

Oc.  Dis. 

11 

29      " 

III 

Ec.  Dii. 

4 

14  P.  M. 

I 

Ec.  Re. 

12 

39  p.  11. 

I 

Ec.  Re. 

4 

9 

57   A.  M. 

I 

Tr.  In. 

1 

18      " 

III 

Ec.  Re. 

11 

12      " 

I 

Sh.  In. 

13 

6 

25  A.  M. 

I 

Tr.  In. 

12 

10   P.  M. 

I 

Tr.  Eg. 

7 

37      " 

I 

Sh.  In. 

1 

26     •' 

I 

Sh.  Eg. 

8 

38     " 

I 

Tr.  Eg 

3 

03     " 

11 

Oc.  Dis. 

9 

50     " 

I 

Sh.  Eg 
Tr.  In. 

5 

28     " 

II 

Oc.  Re- 

12 

54  p.  M. 

II 

5 

37     " 

II 

•Ec.  Dis. 

3 

18     " 

II 

Sh.  In. 

7 

54     " 

II 

"Ec.  Be. 

3 

19     " 

11 

Tr.  Bg. 

5 

2 

12  A.  u. 

III 

Oc.  Dis. 

5 

41     ■' 

II 

•Sh.  Bg. 
Oc.  Dw. 

4 

20     " 

III 

Oc.  Re. 

14 

3 

45  A.U. 

I 

7 

17     " 

I 

Oc.  Dis. 

7 

08      ■' 

I 

Ec.  Re. 

7 

29     " 

III 

Ec.  DiB. 

15 

12 

54      " 

I 

Tr.  In. 

9 

17     ■' 

III 

Ec.  Ke. 

2 

05      " 

I 

Sh.  In. 

10 

43      " 

I 

Ec.  Re. . 

3 

08     " 

I 

Tr.  Eg. 

6 

4 

26     " 

I 

Tr.  In. 

4 

19     " 

I 

Sh.  E». 
Oc  Du. 

5 

41     " 

I 

Sh.  In. 

7 

07     " 

II 

6 

40      " 

I 

Tr.  Eg. 

6 

32     *■ 

II 

Oi:.  Re. 

7 

55      •• 

I 

Sh.  Eg. 

9 

32     •' 

II 

Be.  Oil. 

10 

10      " 

II 

Tr.  In. 

11 

49     " 

II 

Ec.  Re. 

12 

35  p.  M. 

II 

Tr.  Eg. 

8 

41  p.  u. 

III 

Tr.  In. 

12 

40      " 

II 

Sh.  In. 

10 

IS     " 

I 

Oc.  Oil. 

3 

03     " 

II 

Sh.  Ep. 

10  61      " 

III 

Tr.  Eg. 

7 

1 

46  A.  M. 

I 

Oc.  Di8. 

1 

30  A.  M. 

III 

Sh.  In. 

5 

12      ■■ 

I 

tk.  Re. 

16 

1 

37     •• 

I 

Re.  Rft 
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Mar.  19     3  RO     " 

5  20     " 

20  8  24  A.  M. 
9  32     " 

10  38     " 

11  *5     " 

3  39  P.  U. 

6  56     " 

6  05     " 

8  19     " 

21  5  45  A.  H. 

9  03     " 

22  2  54     " 

4  01      " 

5  OR  " 
e  14  " 
9  51     " 

3  26  p.  M. 

23  12  15  A.  M. 

12  58     " 
3  09      " 

3  32  " 
5  30     " 

7  33     " 

9  24  p.  M. 

10  30     " 

11  38     " 

24  12  43  A.  M. 

5  03  •' 
7  14  ■' 
7  29  " 
9  38      ■' 

6  45  p.  M- 

10  01      ■' 

25  3   54      " 

4  58      " 

6  OK      '■ 

7  12      " 

11  14      " 


Be.  Dis. 

Ec.  Re. 

Tr.  In. 

Sb.  In. 

Tr.  Ed. 

Sh.  Eg. 

Tr.  In. 
II  'Sh.  In. 
n  Tr.  Er. 
II  •Sh.Bg. 

Oc.  Ks. 

Be.  Re. 

Tr.  In. 

Sh.  In. 

Tr.  Eg. 

Sh.  Eg. 

Oc.  Di8. 

Ec.  Re. 

Oc.  Dis. 

Tr.  In. 

Tr.  Eg. 

Ec.  Re. 

Sh.  In. 

Sh.  Eg. 

Tr.  In. 

Sb.  In. 

Tr.  Eg. 

Sh.  Eg. 

Tr.  In. 

Sh.  In. 

Tr.  Eg. 

Sh.  Ec 

'Oc.  Dis. 

lie.  Re. 

Tr.  In. 

Sh.  In. 
I  'Tr.  Eg. 
I    •Sh.  Ee. 

11    Oc  urs. 


Ill 

III 

I 

I 

I 

I 

II 


I 
I 
I 
I 
I 
I 

II 

II 

I 

in 

III 

I 

III 

III 

I 

I 

I 

I 

II 

II 

II 

II 

I 

I 

I 

I 


Mar.  26     3  44  A.  H. 
1    15  p.  H. 

3  02      " 

4  30      '• 

5  14     " 

7  31     " 
9  22     " 

27  10  24  A.  u. 

11  27     " 

12  38  P.  M. 
1    40      " 

6  26     " 

8  33     " 

8  62     " 
10  57     " 

28  7  45  A.  H. 

10  59      " 

29  4  54     " 
5  56     " 

7  08     " 

8  09      " 
12  37  p.  M. 

5  03     " 

30  2   15  A.  u. 
5  18     ■■ 

5   2K      " 
7   30      ■' 

9  31      " 

11  35      ■' 

11  24  P.  M. 

31  12  25  A.  M. 

1  3«      " 

2  38      '■ 
7   5U      '• 

9  52      •' 
10    10      " 

12  10  P.  M. 
S  4r.      " 

U    57      •' 


II 
I 

III 
I 

III 


Ec.  Re. 
Oc.  Dis. 
Oc.  Dis. 
Be.  Re. 
Oc.  Re. 
Ill   •Be.  Dis. 
Ill     Ec.  Re. 
I     Tr.  In. 
I     Sh.  In. 
I     Tr.  Eg. 
I     Sh.  Eg. 
II   -Tr.  In. 
II    'Sh.  In. 
II   "Tr.  Eg. 
II     Sh.  Eg. 
Oc.  Dis. 
Ec.  Re. 
Tr.  In. 
Sh.  In. 
Tr.  Eg. 
Sh.  Eg. 
Oc.  Dis. 
Ec.  Re. 
Oc.  Dis. 
Tr.  In. 
He.  Re. 
Tr.  Eg. 
Sh.  In. 
Sh.  Eg. 
Tr.  In. 
Sh-  In. 
Tr.  I-K. 
Sh.  Eg. 
Tr.  In. 
Sh.  In. 
Tr.  Eg. 
Sh.  Eg. 
I    'Oc.  Dis. 
I      Ec.  He. 


I 
I 
I 
I 
I 
I 
II 

n 

I 

III 

I 

III 

III 

111 

I 

I 

I 

1 

II 

II 

II 

II 


Note. — In.  denotes  ingrefs;  Eg.,  egress;  Dis.,  disappearance;  Re,  reapjjcar- 
ance;  Ec..  eclipse.  Oc.  denotes  ocenkatinn:  Tr.,  transit  of  the  satellite;  Sh., 
transit  of  the  shadow;  *  Visible  at  Washington. 

A  Partial  Eclipse  of  the  Moon  will  occur  on  March  21.  It  wilt  not, 
however,  he  visible  in  the  United  States  except  in  the  extreme  western  j)^'"'^  j"st  as 
the  Moon  is  setting.  It  will  be  visible  In  Alaska,  the  Pacific  Ocean  and  Asia.  At 
the  middle  of  the  ec]i|ise  0.248  of  the  Moon's  diameter  will  be  obscured.  The 
following  are  the  elements  of  the  eclipse  as  given  by  the  American  Ephemeris : 

Greenwich  mean  time  of  oppo.iition  in  right  ascension  March  21,1''  27""  I7'-l. 

Sun's  right  ascension O""  OS"  24".38    Hourly  motion 9M0 

Moon's  right  ascension 12    03     24.38    Hourly  motion 120  .73 

Sun's  declination O''  22'  lO'MN    Hourlv  motion 0' 59".2N' 

Moon's  declination 0    36    09  .5N   Hourlv  motion Ifi    29  .3S 

Sun's  equa.  her.  parallax 8   .6 

Moon's  equa.  hor.  parallax 58    10  .5      Mn 

TiMKs  UP  the:  phases: 

Or.  .Weiin  Timi'. 
)i      m 

Moon  enters  |>enumbra March  21, 11  57.4-  a.  m. 

Moon  enters  shadow....* 1  25.3  r.  m. 

Middle  of  the  eclipse 2  20.6    " 

Moon  leaves  shadow 3  15.7    " 

Moon  leaves  penumbra 4  43.7    " 


Snn's  semi-diameterltt    02   .0 


in's  " 

15    50   .4 

CiTitrnl  Tlnio. 

I'livlHi:  Time. 

h        m 

Ii      m 

.T  57,4  A.  M. 

3  57.4  A-  M. 

7  25.3     •' 

5  25.3     '■ 

S  20.fi     " 

(>  20.6     •' 

9  15.7     " 

7  15.7     " 

10  43.7     " 

8  43.7     " 

166 


Planet  Tables. 


Blong:atlonB  of  the  Satellites  of  Satnm. 

[In  the  diagram  the  points  marked  0  are  those  of  eastern  elongntion  of  the 
iteveral  satellites.  Their  positions  at  intervals  of  one  daj'  after  eastern  elonga* 
tion  are  indicated  by  the  symbols  Id,  2d,  etc.] 


Diagram  ov  the  Appareht  Orbits  of  Saturs's  Satkllitbs. 


Mar.   2 


MIMAS. 

EMCELADUS  Cont 

DIONE  COXT. 

h 

h 

h 

2      3.2 

A.    M. 

E 

Mar.  21 

4.3    A.    M. 

E 

Mar.  22 

9.2  r.  H. 

E 

3      1.8 

E 

22 

1.2   P.   U. 

£ 

25 

2.9      " 

B 

■4    12.4 

E 

23 

10.1       '■ 

E 

2H 

8.6    A.    M. 

B 

■i    ll.O 

P.    M. 

E 

25 

7.0    A.    M. 

E 

31 

'J.2      •• 

B 

9       4.8 

A.    M. 

W 

26 

3.9   P.  M. 

E 

RHEA. 

10       3.4 

W 

28 

12.7  A.    «. 

E 

11       2.0 

W 

29 

9.6       " 

E 

Mar 

.    2 

9  9  A.  u. 

E 

12     12.6 

w 

30 

6.5    p.   M. 

E 

6 

10.3  P.  u. 

B 

12    11.3 

P.    M. 

w 

Apr.     1 

3.4-    A.    M. 

E 

11 

10.7    A.    M. 

B 

18  3.6 

19  2.3 

A.    M. 

K 
E 

TE  FHYS. 

15 
20 

11. I    p.   M. 
11.5   A.    u. 

B 

21t    12.9 

E 

Mar.    2 

11.9    A.    M. 

E 

24 

11.8  p.  u. 

E 

20    11.5 

P.    .M, 

E 

4 

9.2       ■' 

E 

29 

12.2       ■' 

B 

21     10.1 
26      3.8 

A.    M. 

E 
W 

6 

8 

6.5       " 
3.8       " 

E 
E 

TITAN. 

27       2.5 

w 

10 

l.l       :* 

E 

Mar 

■.    4 

12.9  p.  u. 

W 

28       1.1 

w 

11 

10.4  P.   M. 

E 

8 

2.8      ■■ 

S 

28     11.7 

P.    M. 

w 

13 

7.7       " 

U 

12 

9.9    A.    M. 

B 

29     16.3 

w 

15 

5.0       " 

I-: 

16 

7  4      '■ 

I 

17 

2.3       " 

E 

20 

10.9      ■' 

W 

ENCELADUS. 

19 

11.6    A.    M. 

E 

24 

12.9   P.   «. 

S 
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Minima  of  Variable  Stars  of  tlie^Alfol  Type. 

[Oivcntoth«  ne&mt  hour  In  Centrnl  Standnrd  Time] 


U  CEPHEI. 

K.  A O*"  52"  32' 

Decl +81*'    17' 

Period 2d  Hi-SO" 


R  CANIS  MAJ.,  CoNT. 


;Mar.    3 

7  a.m.       , 

6 

7  p.  M. 

8 

6  A.  u. 

10 

6  p.  u. 

13 

6  a.  h. 

15 

6  p.m. 

18 

6  a.  11. 

20 

5  p.  M. 

23 

5a.1i. 

25 

5  p.  11. 

28 

5  A.  11. 

ALGOL. 

R.  A 

3"    1"     1" 

Decl 

-f  40"   32' 

Period 

2rf20''49'" 

^Mar.    6 

4  A.M. 

9 

1      " 

11 

10  P.  u. 

14 

7    ** 

17 

3     " 

20 

12  noon 

23 

9  A.  u. 

26 

6     " 

29 

3     ■' 

A  TAURI. 

R.  A 

....   3''54'"35' 

Decl 

....    +  12=  11' 

Period 

....  3d  22'' 52" 

Mar.    1 

3  p.  M. 

5 

2     " 

9 

1      " 

13 

noon 

17 

11  A.  M. 

21 

9     " 

25 

a    " 

29 

7     " 

K  CANIS  MAIORIS. 

R.  A 7^14"' 30* 

Decl —  16°     11' 

Period Irf    3"  16" 

Mar. 


1 

10  P.  M. 

3 

1  A.  M. 

4 

5     " 

5 

8     " 

G 

11     '■ 

7 

2  1'.  M. 

S 

6      " 

9 

9      " 

10 

12  midn. 

12 

3  A.  u. 

13 

7      " 

14 

10      " 

15 

1   p.  M. 

16 

4     " 

17 

8     " 

18 

11      " 

20 

2  a.  h. 

21 

5     •■ 

22 

9     " 

23 

12  neon. 

24 

3  p.  11. 

25 

7    " 

26 

10     " 

28 

1  a.m. 

29 

4     " 

30 

8     " 

31 

11     ■' 

S  LIBR.,E. 

R.  A 14"  55"  06* 

Decl -     8°  05' 

Period 2d07''61"» 

Mar. 


S  CANCRI. 

R.  A 8"  37"  39' 

Decl +  19°  26' 

Period 9dll»'38" 

Mar.    6  1  P.  M. 

16  lA.U. 

25  1  p.  11. 

S  ANTLI-E. 

R.  A 9"  27"  30' 

Decl -  28°     09' 

Period Od  7''  47" 

Mar. 


1 

5  A.M. 

3 

1  P.  11. 

5 

9     " 

'  8 

5  A.M. 

10 

1  P.  U. 

12 

9     *' 

15 

5  A.  u. 

17 

12  noon 

19 

8  p.  u. 

22 

4  A.  11. 

34 

12  noon 

26 

8  p.  y. 

29 

4  A.  H. 

31 

11     " 

U   CORON.«. 
R.  A 15M3"'*3» 

Dec! +32^03' 

Period 3dl0^6X» 

Mar. 


,  1 

5  p.  u. 

2 

12  midn. 

3 

11  p.  M. 

4 

11    ■■ 

5 

10     " 

6 

9      ■■ 

7 

9      " 

8 

H       '• 

10 

7      " 

11 

6      '■ 

12 

5      " 

13 

12  midn. 

14 

12     " 

15 

11  p.  M. 

16 

11     " 

17 

10     " 

IH 

9     *■ 

19 

U     " 

20 

8      " 

21 

7      " 

22 

7 

23 

6     '■ 

24 

5     " 

25 

5     '■ 

26 

12  midn. 

27 

11  p.  11. 

28 

11     *• 

29 

10      " 

30 

9      '• 

31 

9      " 

4 

lA.  H. 

7 

12  noon 

10 

1 1  p.  M. 

14 

10  a.  11. 

17 

9  P.  u. 

21 

7  A.  11. 

24 

6  P.  it. 

28 

5  A.  y. 

U  OPHIUCHI. 

K.  A 17''  10"  56' 

Decl +    1=20' 

Period 0d20''08» 

Mar. 


1 

2  A.  M. 

2 

10  P.  y. 

3 

6     " 

4 

2     " 

r> 

10  a.  m. 

c 

6     ■' 

7 

2     '■ 

7 

11  P.  M. 

H 

7     " 

9 

3     " 

10 

11  A.M. 

11 

7     " 

12 

3     " 

12 

11  p.  M. 

13 

H     '■ 

14 

4     " 

15 

12  noon 

16 

H  A.  M. 

17 

4     " 

17 

12  iiiicln- 

IH 

S  V.  M. 

19 

4     ■■ 

2'l 

1     '■ 

21 

'.)  A.  M. 

22 

5     " 

23 

1      " 
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Test  Objects  for  Small  Telescopes. 


U  OPHIUCHl  CoNT. 
Mar. 


23 

9  P.M. 

24 

5  " 

25 

1     " 

26 

9  a.  u. 

27 

6  " 

28 

2  " 

28 

10  p.  H. 

29 

6  " 

30 

2  " 

31 

10  a.  If. 

Y  CYGNI.  Y  CYGNI  Cokt. 

R.  A 20'' 47"  40"      Mar.    16  2  a.m. 

Dccl +34"  15'  17  2  P.M. 

Period ldll''57"  19  2  a.m. 

Mar.    2          2  P.  M.  20  2  p.  M. 

4  2  a.  u.  22  2  a.  m. 

5  2  p.  M.  23  2  p.  M. 

7  2  A.  K.  25  2  A.  M. 

8  2  p.  H.  26  2  P.  M. 

10  2  A.  U.  28  1  A.  H. 

11  2  p.  u.  29  1  p.  H. 

13  2  A.M.  31  lA.H. 

14  2  P.  u. 


Test  Objects  for  Small  TelesfrapeB. 

[From  Clark  and  Sadler's  "Star  Gnjde."] 
Dividing  Tests. 

Nsmo  ot  ObtratA.       It.  A.                       Decl.         DtatKQce.  Position 

h      m                    o       ■                  "  o 

14  Ononis 5     02            +    8    20            1.15  203 

4  Lyncis 6     12            +59    25            o-95  101 

^'333 9     >'            +35     5^            1-69  42 

05  229 10    42            +41     42            084  330 

2  1606 12    05            +40    32            1.21  ,  338 

Cor.  Bor.  1 15     14            +2?     15            i-22  308 

/'^Bootis 15      20                 +37      47         J,og;f  I;^ 

A  Ophiuchi 16    25            +    2     14            1.65  44 

01:313 16    21J            -i-40    ji            0.99  152 

Cephci  83 ao    59            -f  5^     U            i-^'  349 

Defining  Tests- 

0'  Ononis S     21             -4-    2     59             2.66  324 

42  Ononis 5     3°            ~    4    55            ^-73  218 

X  Leonis 9     iS            -)-  26    41        I  3.36  205 

(10.  65 

49  I-conis 10    29            -|-    9     14            2.39  138 

84  Virgrnis..... 13     37            +    4    07            3,56  234 

6  Serpent  is ig      15             4-     i     08             2.28  13 

•7  Draconis,. 16    32            -f"  •••     4^            S'*^  '42 

68   Hcrculis 17     13            -|- 33     U            44>  62 
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NEWS  AND  NOTES. 


It  is  possible  that  some  snbscriberB  may  not  receive  the  February  aumber  of 
tfais  pnbltcatioii,  either  because  they  have  not  renewed  their  subscription,  or  be- 
canBc  we  have  failed  to  notify  them  of  the  expiration  of  the  same.  We  will  be 
greatly  aided  in  mailing  if  every  subscriber,  who  has  not  already  done  so,  will  at 
once  advise  us  whether  or  not  he  desires  the  publication  continued. 


Professor  SchMberla's  Photogrtpha  of  tb«  Coiooa  of  the  Total  SoUr  Edlpae, 
April  i6,  1893. — In  the  October  number  of  this  magazine  we  published  a  large 
plate  showing  the  interior  corona  as  obtained  by  Professor  J.  M.  Schaeberle 
winle  in  South  America.  In  connection  with  that  plate  it  was  stated  that  owing 
to  the  delay  in  the  reproduction  of  the  plates,  it  was  necessary  to  hold  the  long 
exposure  photograph  for  publication  in  the  next  number.  The  photogravure 
company  who  had  the  work  in  charge  after  a  further  delay  of  a  month,  finally 
said  it  was  impossible  to  bring  out  the  details  expected  in  the  long  exposure  pho- 
tograph of  the  outer  corona  and  so  gave  up  the  task  wholly.  Another  ]>hotO' 
gravure  company  in  the  city  of  Milwaukee  tried  to  produce  the  second  plate  and 
likewise  failed.  Neither  of  those  in  charge  of  this  particular  work  was  satisfied 
with  the  plate  secured,  and  after  two  further  trials,  at  considerable  ex]>enBC,  fol- 
lowed by  complete  failures,  it  was  decided  to  fpvc  up  further  attempts. 


Gold  Hedal  for  Professor  Buniham.— Cablegrams  from  London  announce  the 
award  of  the  Gold  Medalof  the  Royal  Astronomical  Society  to  Professor  S-  W. 
Bumham  of  the  University  of  Chicago  for  his  discoveries  and  micro  metrical 
measures  of  double  stars  and  for  his  researches  on  tlic  orbital  motions  of  Binary 
Systems.  This  news  is  csj>ccially  welcome  to  Anii-vican  astronomers,  and  will  be 
favorably  received  throughout  the  scientific  world,  for  no  obsi-rver  either  living 
or  dead  has  contributed  more  to  this  imiwrtaiit  lirnnch  of  modern  astronomy 
than  has  Professor  l)iinihun<,  whose  discoveries  of  new  and  very  close  pairs  have 
created  an  epoch  in  the  history  of  Double  Star  Astronomy.  The  discovery  of 
double  stars,  Ix-gun  by  Sir  William  Herscbcl  more  than  a  century  ago,  and  since 
continued  by  WilHam  and  Otto  Struvc,  Herschel  and  Ma;dler,  Dawes' and  l)em- 
bowski.  was  regarded  twenty-five  years  ago  as  practically  exhausted.  But  the 
f^enius  of  Bumham  working  with  only  a  six-ttich  telescope  soon  brought  to  light 
hundreds  of  close  pairs  never  l>cfore  detected,  and  ojicned  the  way  to  Inter  dis- 
coveries of  priceless  valne.  Professor  Bumham  afterwards  secured  for  a  time  the 
use  of  the  Dearborn  18-inch  refractor,  and  the  Madison  15-inch,  and  thus  ex- 
tended the  list  of  measures  and  new  discoveries.  Ilis  work  at  the  I-ick  Observa- 
tory is  too  recent  to  need  recalling  to  the  readers  of  this  Journal,  but  it  may  not 
be  inappropriate  to  remark  that  his  own  stars  now  number  nearly  1300,  and  in- 
clude the  must  rapid  and  interesting  pairs  in  the  heavens. 

It  is  understood  that  these  stars  will  be  m.-rde  the  object  of  si>ei-ial  attention 
at  the  Verkes  ObservHtor>',  and  that  they  will  l>c  oarefnlly  followed  until  their 
orbits  are  accurately  known.  Professor  Burnham's  catalogue  of  his  new  stars 
and  his  general  catalogue  of  all  the  ini|>ortant  stars  in  the  northern  hemisphere 
are  to  be  printcil  among  the  first  volumes  issued  by  the  Yerkcs  Observatory,  and 
will  constitute  works  on  Double  Star  Astronomy  which  arc  destined  to  Ik-  "  acre 
pcrennius." 


Tlic  high  honor  conferred  upon  Profewor  Unrnhifm  is  a  tribute  to  port  seiciice 
vrbicli  will  Ik  fully  ap;>rectated  by  all  Amcricuii  oxtroiioincr*,  but  it  it  cspecian>' 
gratifying  to  the  intimate  friends  of  this  modest,  itnaelAah  and  nnownrrl  ob- 
acrver- 

Other  American  astronomeni  who  have  received  this  Medal  of  rcceat  jrean 
Arc  1— FrofcaiKir  Simon  Ncweomb,  Prutcsaur  AnApli  Hall,  Ikr.  It.  A.  i>i>uld,  rn>fe«- 
•or  C-  C-  Pickering,  anc!  I>r-  C:  W.  Mill-  Laiit  year  the  Gold  Medal  was  nwarded 
to  Dr-  H.  C.  Vogel,  and  ilie  preceding  year  to  Professor  C.  H.  Darwin, 

No  ncH-  conietA  hare  been  discovered  since  October  of  last  yenr.  Hmoks* 
COtnete  1K93  wa»  barelT  visible  in  our  15-incb  telescope  an  the  night  of  Jan.  36. 
It  wai  too  taint  to  admit  of  measurement. 

We  looked  very  carefully  for  T[oIric«'  comet  on  tl>c  »amc  ni^ht  bat  could  find 
no  IriU'eof  it.  On  the  night  ofjiio-  T2  wr  took  n  pliiito){niph  of  the  rcKion  in 
which  this  comet  should  be,  fnvinKnn  expoeure  uf  an  hour  with  tl>c  new  6-inch 
camera.  There  is  a  slightly  oval  stain,  20*  in  dinmetrr,  on  the  negative  jnst 
where  the  comet  ouf^^bt  to  Ik.  It  lias  no  central  condensation  and  is  so  stMpJ- 
ciounly  like  n  dirty  water  stain  that  wc  hesitate  to  say  ftnyiliing  about  >t  with- 
out verification,  which  we  have  as  yet  been  unable  to  get. 


Discovery  of  Comet  6, 1893. — Notes  on  the  Indejiendenl  discovery  of  this  comet 
by  McMTit.  Konlanic.  Oucnis>et.  Miller,  Johnson,  Roso  dc  Luna.  Spcrro,  have 
"been  printed  in  these  Publications,  1803,  pages  J54-5.  A  full  account  of  Mr. 
Spcrrn'o  otwerrnilonii  it>  pvvn  in  Astrotcohv  ANt>  AsTKo-Pnrsics,  1HU3,  page 
757.  The  Committee  on  the  Comet-Medal,  having  carelully  considered  the  ca»c, 
nnd  h»rin|{  iinkctl  tltc  advice  of  the  etlitors  of  thr  tendinfi  aiitroiKxnicnl  jnnmnls, 
ban  adopted  the  followiii);  resnlutions: 

I,  That  »  copy  of  the  Comet- Mednl  shall  be  struck,  haviag  the  oi>vertc  as 
usual  and  the  j-et-crsr  blaitlt.aitd  that  on  ibc  reverse  of  this  copy  sihaO  be  en- 
grnrctl  the  words: 

To  Commenioraie  lAe  Dhcorery  of  Comet  b,  1S93. 

11.    TImt  llm  Medal  «hnll  be  prcscrvctl  in  tlie  ctibinet  nf  tlie  Astronomical 
Society  n(  the  Pucific.  and  no  awani  made  for  the  disc-<»very  of  this  comet. 

III.  That  a  copy  of  So.  32  of  the  Socicty'fl  Ptihlkatioan  Mtnll  be  sent  to  rflCh 
of  iheitentlcnini  named  above. 

Committee  oa  the  Comet-Medal. 

ItDWAHU  *.   ItUUUKK. 
J,  U.SCHAEBBtLR, 
[Dated]  CI(A».  Bl:RCRttAI.TKR. 

Decvuiljcr  1,  W.^Z.—l'ublieBtious  of  the  Astronomical  Sockty  of  iIk  Peci6e, 
No.  »S, 


An  loternatiinial  Cipher  Code  for  Aurora  Observations.— Tt.  M.  A.  Veeder  of 
Lyonii,  New  York,  rcud  a  pii|)er  at  the  Chicif|;u  Mcteurulri|^cnl  Cangrcss,  Aoj^nst. 
1HD3,  bcarinf;  title  "An  I nti-rnaiionn I  Cipbci-  Code  for  Correspondence  HespeCt- 
ing  Aurora  and  Kelatcd  Conditions."    The  p<iint»  made  in  that  paper  are: 

1 .  Selection  of  auch  points  as  are  important  for  olwcrvntton  and  cfHie-corrc»- 
pondenee, 

3.  The  place  shoulil  involve  more  than  the  data  for  prvservation  that  ore 
incidcntnlly  secured. 

A.    There  should  Ite  a  system  of  InterccmmunicaLion  that  would  promptly 


News  and  Notes.  171 


fbmish  the  views  of  sun-spats,  magnetic  storms  nnd  nururas  continuously  if 
possible. 

4.  There  oug;ht  to  be  h  daily  synoptic  chart  to  go  with  the  ordinary  daily 
meteorological  data. 

Any  persons  interested  in  taking  meteorological  observations  in  connection 
with  the  system  now  recommended  by  him  should  correspond  with  him  for  in- 
structions.    His  excellent  work  in  this  direction  in  gaining  world-wide  attention. 

Qnick  AdjuBtment  of  the  Eqiutorlil.  — On  the  hyiiothesis  that  the  maker  has 
placed  the  axes  at  right  angles  with  each  other,  and  the  tube  at  right  angles  with 
tbe  declination  axis,  the  following  adjustments  remain  to  be  made  by  the  astron- 
omer, vii.: 

The  adjustment  of  the  6nder. 

The  bringing  of  the  )Xilar  axis  into  the  merdinu. 

The  settingof  the  circles. 

The  elevating  of  polar  axis  to  the  latitude  of  the  place. 

In  the  first  place  when  the  telescope  Jiead  is  placed  upon  the  pier  make  the 
polar  axis  cat  the  meridian  west  of  north  and  east  of  south. 

To  adjust  the  finder  bring  a  star  into  the  center  of  large  glass,  then  by  means 
of  the  adjusting  screws  attached  to  finder  bring  the  star  to  center  of  field  of 
latter.    The  finder  is  then  adjusted. 

To  bring  the  polar  axis  into  the  meridian,  tuni  the  instrument  to  3u;nith  (ap- 
proximately), place  a  lever  of  precision  north  and  south  .across  the  lower  (eye) 
end  of  tube  (which  is  at  right  angles  to  line  of  collimation),  turn  instrument  on 
derl.  axis  until  the  bubble  conies  to  center,  (clamp  in  dec),  axis), turn  the  level  east 
and  west  across  end  of  tube.  Turn  instrument  on  polar  axis  until  bubble  comes 
to  center.  The  instrument  now  jwints  to  the  zcntth.  Set  the  hour  circle  vernier 
to  0  hours  and  12  lionm  respectively.  Set  the  decl.  circle  to  the  latitude  of  tlie 
place  (the  latter  is  only  ii|)proximatfIy  correct).  Loose  in  dccl.  axis  and  turn  the 
objective  down  to  take  in  ii  star  (Sirius)  about  to  cross  the  meridian.  Bring  the 
star  to  center  of  the  field,  hold  it  there  by  shiAiiig  norlli  end  of  instrument  to  the 
east  in  the  pier  until  the  sidereal  lime  indicates  star's  H.  A.  The  polar  axis  is  now 
in  the  meridii\n. 

To  elevate  the  ]>oliir  axis  to  the  latitude  of  the  place,  turn  the  instrument  to  a 
star  of  known  decl.  (Sirius).  If  the  axis  is  at  the  proin-r  clcvatiim  the  decl.  circle 
will  read  the  star's  ilecliiiation.  If  the  circle  docs  not  thus  read  (and  this  is  usu- 
ally the  case)  note  the  diffct^nces  Iwtwcen  the  circle  reading  iind  the  star's  dccl.  as 
j-ivcn  in  the  catalogue.  Shift  the  decl.  circle  onc-hair at  this  ditTcrcncc,  bring  the 
inbe  again  into  the  meridian  by  means  of  the  hour  circle,  and  set  the  di-cl.  circle  to 
rear!  the  latitude  of  the  place.  (Do  this  by  turning  instrumt.-nt  on  decl.  axis). 
I'lacc  the  level  north  and  south  across  the  end  of  tube  as  Iwfnre;  hring  the  bubble 
to  center  by  raising  or  turning  (as  the  case  may  lie)  ilic  north  end  of  instrument, 
by  inean.s  of  the  adjusting  screws. 

Test  your  ndjustnienl  by  setting  instrument  for  some  star  and  sec  il'  it  ap- 
[wars  in  field  on  correct  sidereal  limes. 

By  means  ot'  the  preceding  method  the  writer  has  pat  an  eijualorial  inl"  t;iiiiil 
iidjustmcnt  in  a  siaglc  evening.  i,.  w.  r. 

Volume  ZXV  of  the  Astronomical  Observatoty  of  Harvard  College  has  U-cn  re- 
ceived. It  contains  the  comparison  of  jiositions  of  stars  iK'twecn  4'J^''  50'  and 
55'  10'  of  north  declination  in   lS5r).0,  and    observed    with  the   meridian   circle 


dttring  the  jrcat-N  1K70  tu  ISiM,  try  Wtllinm  A-    Ros«n  andcr  (hv  ilirrctiaa    nf 
Joscpti  Wirilocic  anil  Bdwanl  C.  I'ickcrini;. 

Tnbic  I  gives  the  vtituo  'il'  ttw  svxtcmutk  corrtcticina  rrqaiml  to  rcdacr  tbe 
co-ordinnKS  given  by  <ilffcrcnt  cntnlo^cs  to  the  systtni  of  i tic  AM mnontiscbe 
GrwIlwKtilt.  Tnbic  II  i*  a  ronipnrisuti  of  the  crunputcd  with  the  uljsi-rvrri  jKifti 
tions.  Tiicti  fulldwi  ihc  »C]>nrntc  rvkults  ol  8f)12  iut>c  Stars  in  ri({lit  ukciiAiuu 
■  ml  ilcrtiiintion  for  tl»c  U]K>ch  tt  1H75.0  nnil  rcdticcH  to  the  system  ai  tlic  GrtwU- 
scbnlt.  separate  levulls  of  font  atani  for  the  pruper  luotiuim  ft  and  M*  nod  oUier 
minor  features. 

The  values  oF  the  pro]ier  niotinns  given  in  thU  volume  nre  to  be  tiinsiilrml 
Uprovixional,  and  tliCTahicitof  the  rcdtictioiM  to  tlie  syMcm  of  thin  sone  cata- 
logue arc  j>ivefi  in  tiOilc  1.  Tlieac  numbcrti  Are  the  ivsnitft  of  three  ai^oxiliia- 
tiuiis.  In  the  fir«t  it  was  niisumcil  that,  all  residuals  exoxilmjj  0.5'  in  right 
ascension  and  5"  in  dcctiuaiion  were  due  to  ^tropcr  uiotion  and  were  omitted  in 
lite  first  dtscusftion.  In  the  second  npprokiinntion  time  vnlnev  of  the  |iro|>cr 
uii>t)oi»  were  inlrodurcd  in  n  »wond  di^icUKniun  of  syfUeinfttie  deriutioiis  fruiu  the 
«yatem  (it  the  xune  eatalo;;ii4:  ami  new  VjilitCH  of  the  pmper  moiion*  wetc  then  ob. 
toined.  At  Lh(»  [loint  in  the  disctiyinuM,  it  beeume  povsiUe  to  JtstinKniBh  wiLli 
considerable  certainty  lirtwccn  rcaNltmltji  which  were  due  tu  a  ren)  prO){rc««[vr 
movement  iii  thcstellnr  position  and  those  which  were  dor  tothcticciderttat  error 
of  ohurvatiuii.  Tltc  list  nl  seleeicd  stnrti  wns  ivriscd  at  this  {mint,  and  rrHiduofs 
cxerriling  the  TulncK  in  ri^lit  uwcnaion  nnd  ilretination  nboKc  jjiven  which  njH 
penn-d  to  l»el<iny  to  the  clatis  ol  aeddcntnl  crrnrt  of  observntton  wi-n*  ■till  e«. 
clinled  frttm  llit?  Ii»t.     It)   the  third  approxinintion  tbe  «unie  order  '  inie 

wa^fiilh^wcd.  and  vuluc«  ^iven  arc  the  sum  of  the  three  M.-ts  •>!  ih>  <     -ilj- 

tnined  in  thi.t  manner. 

This  yolume  is  a  work  of  years,  by  ProfMSor  Kogers.  a  part  of  which  only  in 
rrprctienled  in  tin  pi-inicd  po;^-  Tbtf  skill  and  eair  represented  in  its  results  aie 
best  known  to  those  astrunotnei's  iu!(]iinintnl  with  the  detaiU  of  his  eldtioratc 
work. 

Volnme  XXIX  of  t)K  Harvard  College  Observatory  Publicntionseuntiunsiiit. 
pH|>cr5  as  follow?: 

1.  Meteorological  and  other  olwervntions  made  at  Willows.  Calif>>mia.ln 
coniKx-tiiip  witli  the  total  siilar  eetiiyse  of  Jan.  1.  lStt9,  by  W.  Lptun  and  A.  I.. 
Hatch. 

8-  Louj[ittK]e  of  Smith  College  Obserratoi-y  by  Mary  li.  Byrd  and  Mary  IV. 
Whitney,  from  which  is  ilrriml  the  lolluwin);  ratulL: 

The  longitude  of  Smith  Colle^  Observatory  went  of  Greenwich  is 

+*  »»"•  .la'-oite  i  t)*.iM+ 

S.    I'hoiomeiric  ohAcrvntionfl  of  Aatcrnids  by  Hcnrj-  M.  fnrkhurst. 
4.    Observations  of  Variable  Stars  by  Ileni>'  M.  i'nrkbum. 
S-    Magnitude  of  bright  stars  north  of  -+  70". 

fl,  Relalive  plai.T5  of  fi  IVrsei  nnd  companion  stan,  from  obaervalious  with 
the  Meridian  Circle  liy  Arthur  Scark. 


An  Extraordinary  Phenomena.— On  the  morning  of  the  20th  ol  December. 
a  celc»li!il  lii>dy  of  entr.-iin-diniiri-  nppcnrnnce  wu*  obocrvcd  by  the  citijc04o( 
North  and  South  Carolinn  and  Virxmia,  We  quote  a  descriplioa  received  Iroui 
Wilmington.  N.  C.  through  the  Kindnera  of  Mr-  E.  S.  Martin. 

The  wei|;hi  of  the  evidence  goes  to  ahow  this  remarkal>lc  fact  Chnt  the  lumtii* 


oiM  hod>  pMMil  rmiii  About  Wrnt.  S.  of  B.,  until  it  re«rt)i.-d  a  point  lomr  IR'' 
ibout  tbr  <atftcni  horuon  ttben  it  K-rmed  to  paase  nad  remain  •talionary  nppar- 
1H7  for  tlw  ipiicc  of  IS"  or  20"  and  then  tlisn[>pc«r«l.    Thi*  ran  lie  ncouuntril 

(if  n  inrtviirt  I>.t  thr  path  t>^ni;  alun^  the  line  uf  iijitM  from  the  olHKrrrr.  nnil 
if  MVfKCtruvmpr  hnri  ttrrti  usr*]  thin  (.-onld  Unn-  ticrn  ik-tmnincd  ant\  its  inie  ol' 
mnlioil 

That  It  was  b  Lrnnnidoin  liody  is  cvUlcnt  from  all  the  rrpurta;  thoac  brrc  and 
kiwwhcrrrrporting  its  oppcarancc  as  about  th«  nec  of  ■  larji^  tabic  li'  to  8'  in 
diiunrtL-r,  ■•then  lu  large  net  n  hoffshvitft.  onrl  otlirrs  a  whtv)  »r  fl'  Ui  8'  di- 
flmeter;  titnt  il  wua  tirillianlly  white  ihrixwiu^  iilT  apark«— loovol  aiipumutly 
owr  tM«  c'tly  ttiwiirdit  the  ntNtrni  horLcon  a  little  north  of  where  tlie  iiitn  row , 
ibal  i^  ■ioaod  ol  Us  motion  Lhrouijh  the  air  ixmld  be  iicnrd:  that  It  left  Mt  Ui- 
tcnscl.v  tltirh  Mrram  of  vapor  nori.r  its  entire  way  from  wc«t  u>  catt  which  wiu 
vtuhtr  (or  30"'  unrt  even  iitlcr  bunrittc  fur  winic  lime,  mid  which  alnwlv  rtriftcil. 
.1  shnpc.     Accorrfiog  tn  (ouie  very   1 

tl_v  •talioiiBry,  a*  iKTctofurc  menii 

■.V  rxplixJr  ihuu^ii  nu  kuiiikI  m-iin  iKiinl  tntd  n  niin  uf  stntsdu  tbc^ 
c. ,  Ll  fell  from  it  id  war  rig  the  horiion  and  near  llic  point  where  the  Sun 

bad  jttBt  risen, 

The  time  of  pnsviiin  tliii  [Miint  was  nboni  C^  30**  a.  %t.,  E-  8.  T.,  Dec.  20,t«UI3 
an^  the  hody  rentained  Wwblr  until  11^45*"  when  it  esplodri)  an  nKctresaid, 


Tbi  CUcaca  Academy  of  SckofiM— Section  ol  Hatbenatlu  aad  AJtrooAmy,  Jan, 
iid,  1894,— The  anonnl  meeting  wa»  hehl  ut  the  Ucarhom  Obwervatory,  Hvanston, 
111.,  Pmtctf^or  lloufih.  F'rTflident,  in  ttte  ehnir.  After-  the  tntnaaettun  of  routine 
hvmatae,  the  rrosideiit  introduced  ProfeixKir  Maleolm  McNeill,  of  Loke  Purot 
tTaiwTBily.  who  read  a  paper  on  "The  Life  aad  Timts  of  Tycbo  Br&be."  The 
•peaher  bc^an  hr  re>;'aHin)>  the  entulitioiis  which  hud  surrounded  Tychu  in  bis 
youth,  and  itave  on  nceount  of  the  drcuinsttini-n  which  led  him  to  Itcfome  no  a«> 
troTHtmcr,  of  wltieh  one  nf  the  rausl  imi>urtanl  ma*  the  celebrated  new  star  that 
biased  forth  in  CaKiiojicia-  He  then  discussed  with  can;  the  iniitruments  emitlored 
fay  Tydio,  and  the  dctiree  of  prvcisiun  uf  which  they  wen;  eapablc.  It  was  shown 
that  seTDC  of  tlirm  had  il>e  form  of  circles  moanted  on  pnlar  axes,  wltieh  enabled 
The  obserrer  to  find  the  deelinalioii  of  tire  body  and  the  arc  by  which  it  was  out 
of  the  mmdiaij,  the  latter  beinj(  nirnHUred  on  n  circle  oi  rijjbl  Bii}:[ea  to  the  axis 
'  .-irclc  I'rofrirtor  Mi-Netll  also  pointed  oul  the  ronjjh  similarity  of 
\1  .0  those  employed  by  mixlerw  astronomer*,  and  oliscrved  that  in 

jg  with  hiH  nrcB  Tyrho  hn»I  c<Krectcd  for  the  co-culled  '■ecccntridiy  of  the 
■tant."  The  speaker  gave  nn  interrstinj;  account  of  the  inllucncc  of  Astrology 
on  Tycho,  and  of  litft  ollicial  relntions  to  tlic  Kinj;  nf  Denmark,  and  in  turn 
»k.i;ttrh>rd  the  mystic  influence  of  Tycbo  uiK)ii  Kepler  and  his  succcHson.  At  thia 
time  Astrulotty  wa»  hardly  diatiufjuiiUicd  from  Astniaomy.  I'rofcMOr  McNeill 
not  think  Tycho'e  rejection  of  the  Copemieiin  system  wr»  •try  remarkable, 
tntridering  llie  roughitees  and  inaccuracy  of  Uk  duiu  then  available,  but  be 
"  »  real  f>rcnineea  resti>  upon  hi«  tine  utwervn liona  which  proved  so 
r^  ■  Kepier.  and  Mima  \\it  u'ncT>;etif  effort  made  to  eliminate  all  [>OMibIe 

kOBTm  or  error.  He  called  attciilion  to  the  great  im[K>rtnnce  of  Tycho'v  work 
in  formini;  a  new  cotalogue  of  •tiir*  independent  of  that  of  Ptolemy,  which  bad 
been  (TRicrally  employed  by  precedinK  a»trunomer».  In  conclusinn  the  speaker 
tn  tbc  important  somrra  to  which  astronomers  ore  indebted  for  Iheirknowl- 
of  Tycho,  and  comraeodcd  the  work  of  I>r.  Drryer  oa  the  "Li&  of  Tycbo 


in 
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Brahc"  HUH  ictinlilr  mid  KUcrtAUii^  coiHtibulifin  tu  tlic  litcriiliire  «>T  lt»«" 

Hr.  Knrt  Lovch  nf  (he  t'liircriity  tif  Cliictigu  rr.ni!  the  wvoiid  |Miprr  ui  i\ 
r*cninK  on  tlic  "Application  of  the  sn-cotletl  Liiiiiir  Equottoii  in  the  Motinn  of 
the  Earth  lor  the  Dettrniiiuttrnn  of  Certain  Importnm  Cuturatits  ip  Aitraaomy." 
After  hnvinjf  derived  ttte,cr]untian  and  discuBscd  the  constants  entering;  into  it,  tic 
called  uiu-ntioi)  in  titr  fnct  tliat  the  inctlind  ni  miitg  tlie  Liiimr  I>r[U(ition  lor  a 
dr  term  illation  of  the  >obir  parnlUui  in  unuvnilaUc  bccfl  use  the  coristAot  uF  Nula- 
tiun  wliii'h  is  inlruditeed  tutu  ttte  ci)uatiua  bj-  the  ma*»  itf  the  Munr,  irroducv*  » 
very  'arge  prohabk  error  in  the  delcritiinutiou  of  Sf>l«T  Parallax.  Dy  n  total 
ilifletvntialttm  uf  the  Lunar  H«|uatioii  it  follows  that  the  e<|u;iLi(in  it  to  he  ttppUnl 
nnly  iVir  a  ik'terrnitiutidii  oT  ihc  innR«  o/  Lite  Moon,  and  Uy  inlrodu<;i(ig  the  rrHutt- 
ing  niiiM  ot  the  Mona  into  the  wnintioiis  which  lullnw  (or  the  I'rci'^wjunn  nnd  Nu- 
tnltoit,  wr  {{t:t  a  very  reliAhle  methml  fi>r  lindiiig  l>y  a  theoretical  {ifOt-rAS  tlic 
Cmwtnnt  of  Notation,  tlw  prohiibkcrror  of  which  i*  i  H".ni2.  Thin  probnWe 
rrror  is  about  the  eotne  «b  that  in  the  determiniitiun  nf  the  Suiution  from  tlie 
rif;hi  A8t-eneion)i  uf  scar«  near  the  pole.  The  weak  point  whieli  hna  liitlusrto 
rt-jidercd  the  results  inexact  lie*  in  the  Iflr^e  (irohahic  error  of  Pi=  6".G2  l  0".02 
[lilt  Ibe  Hiithor  Atntcil  that  h  more  necurnte  value  of  this  constant  of  llic  I.unnr 
Bi|untioii  cuiiUI  Ije  deduced  from  carefnl  in irm metrical  measiiiTB  of  small  (iliinel* 
u'hi\.'h  come  nenr  to  the  Earth  at  the  time  of  upiKisiiion  than  could  cvei*  lie  found 
from  ol»cTvaiionii  of  the  Sno.  He  staled  that  I>r.  ijtil  hod  recently  obtained  a 
very  gooil  value  ol  P  by  mcnns  of  heliometer  observations  of  wmall  [ilanetf>.  and 
suid  that  it  wtiuld  he  of  high  importnnce  if  similar  measures  could  be  undertaken 
in  Amrricn.  Dr.  Luvct  asvc  tltc  value  of  the  ConxtAnt  ol  Nutation  rrSnlting^ 
from  the  above  method  as 

N  =  e".255  ±  0".0l2. 
hi  the  discussion  which  followed,  Pnjfnwr  Hough,  PrufcBBor  Burobun  and 
scveifil  otherR  took  port. 

Tlie  piT«cni  officers  were  re-elected  for  the  aisning  year,  after  which  tlte 
oiccling  ntljourned.  T.  J.  J.  Skk,  Recorder. 


AslronoiDtCdl  nod  Physical  Society  of  Toronto,  Canada .—I)cc.  36lh  tneetinjj; 
Cbairtnnn.  Mr,  KoUcrt  B.  Ellis. 

Li-ttenread  from  t>r.  JoM|th  MorriHon,  V.  R.  A>  S.,  of  Wa&hington,  promittinc 
papers;  fiom  Professor  B.  C.  Pickering,  I.L.  !).,  Wreetor  of  TJarrnrd  College  Ob- 
wrvwtory.  .u-ceiitinK  himorary  mcmbcrahtp. 

Mr.  M lingo  TnrnhuU  of  Tunrntii  wn>irkvtcd  an  nclive  memt>rr, 

Libruiian  C.  C>.  Pursey  repotted  i-eccption  of  a  copy  of  Professor  J-  K.  KcHer'ii 
finely  illniit rated  pajR-r  on  "  Phyoicnl  OI»crvaii(»n}i  of  Mant  duriny  1892;"  setii  of 
T/ie  SiWcT^a/iU^-.wen^tranil  of  A.'iTtoJiuuv  A\t)  AsTHO-Pnvsicsfor  several  years; 
iilsu  iKvernl  volumeaon  various  siiliject»,  giftn  Ol  members. 

Mr.  Gcorfie  B.  l.uniMleti  prc»cntc<l  a  phuto^traph  of  some  lieAutirul  froaC- 
traoery  on  a  window-pnne;  also  druvrings  of  Jnpiter  and  Vcnim  dclineaird  Ml  llie 
tckMcoiie  during  bright  i^unsfiine. 

Mr.  A.  K.  Miller  rcportnl  »cv«n  noteworthy  gruupM  of  »uus|K)tfl,  Utrrrc  in  the 
northern  )h- mi  spite  re  and  four  in  the  southern.  He  said  these  S]ioLs  couM 
sliifwu  Hcll  by  projection  on  a  sheet  of  white  pn[)tT.  simply  using  a  telc*co[ 
made  with  ordinary  spectacle  lenses-  Messis.  Miller.  A.  Hlvin,  R,  [>ewar  and  \V. 
Collins  said  the  spectHcle-len»e)i  could  l>e  made  n>nnd  by  paring  with  *tn>ng  scuk 
sors,  danger  of  breakage  being  avoided  by  holding  them  under  water, 

Mr.  Lindsay  called  attention  to  the  valuable  sciciUiric  papcn  made  available 
by  the  recent  binding  of  the  reports  received  lirom  the  Royal  aitd  other  societies. 
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Mim  A.  h-  Gnijr  read  from  Foptthr  Attranomj  an  xataxvtiog  article  hy  Pro- 
trttoT  E.  E  DiinturtI  of  Lick  Ubscrvutory,  OcscriliiiiK  the  jicciiltar  ap^araimn 
(uTsmtcd  on  the  morning  of  Oct.  21.  '^2  miil  23,  lt<!>3.  hy  tlic  HruoliH'  cunicl 
^tt  tN'iClf.  John  A.  Cofitiind  contributed  a  piper  on  the  same  suhjcct  by  Mr.  E. 
W.  \lAun(k-r.  F.  K.  A,  S.,  ut  Gi-ccnwich  Dhftcrvntory.  pnbhuhrtl,  wild  Ot|Mn  Of 
\!r   iliim.-ifd'i.  iicnatire*,  in  The  Lotul<ni  DuUy  Gruphic 

Kewtiog  of  J*n.  g,  iBg^.— Fourth  Himtial  incttiiiK-  Chairtntin,  X'tc^nmuthriit 
Julm  A.  I'nicraon.  M.  A..  (Jcli^-CTcJ  tbeanaiiRl  odilrws.  eloqaeally  reviewtiig  llic 
pau  ywf'»  work, 

Mr.  P.  H  VoiiiiK.  M-  A-.uf  HHIcvitlc.  waaclcctrd  nn  associate  tncmhcr. 

On  motion  oT  Mr.  Tham«»  Lttidvuy.  iwrondcd  by  Mr.  U.  flcii.  Ruim,  the  fcil- 
fwwin);  'jUictrr*  ami  mciiilici"*  of  conncil  were  uniinimoiisU-  re-clectcd  for  the  year 
IhlH  llunorflry  FmiilcDt,  floii.  'J.  W.  Rdks,  LL.  D.,  Miuistcr  of  Hduentioi); 
Crrsidriit.  Mr.  Chnries  Cttt|imod.  F.  R.  A.  8-.  F.  K.  S.  C  .  I>irTvtor  of  the  Tt-runlo 
Oti«rT>iit(jry;  Vicc-I'rejudeiiir  Mr.  l.nrmit  W.  Soiiih,  1).  C.  U.,  U-  C,  nnd  Mr. 
John  A.  Polcr»oii,  M-  \-\  Treosurei',  Mr.  Jaiitcs  Todhnotcr;  Assistant  Ttea^utxr, 
UEmS.  L-  Twylor;  Ci»mefti>«>ndiMg  aecretwry,  Mr-  CJ.  11.  Lummlcn;  Rccordirtx  Stx- 
tttarj.  Mr.  Charles  P.  Sparlinj; ;  Aitustaiit  KccjnltnK  Secfetnry,  Miu  A.  A.  Grayi 
UlHluian,  Mr.  G.  O.  Purvey:  A«»isini>t  Lihruruiu.  lAa*  Jenue  Pnnney.  The 
mnticil  iaconi)iosrd  of  llKeteviitiveoRiverfl  nnd  Mth^TK.  V.-  A.  Meredith,  M..  D., 
A.  rJ*m».  A    P    Mtllrr.  .A    llnrvey  nnl  h.  J.  Howell. 

Mr.  Jotin  A.  Cn)>lutiil  w»sr»cln-ted  Ilritiah  nnd  loirign  c<)rte»piindent. 

lipving  mgndWd  then    iiti^ccnt,   -wbicti    yno*  done   in   tcnim  flflltcrins    lo  Ihe 
Ijr.  I'rofrMOf  li.  C.  Fickcrinii,  I.L.  I'.,  Direvior  of  the  Harvjird  L'ollr^'c  Obwrr- 
■tory.  anil  I'rofeMor  S.  P.  l.aiucley.  LI..  [I..  Sev-rctary  of  the  Smltlcfoniiin  InMt 
totion,  were  eleete<l   honorary   mcmheni,  and  Protcsaor  Jiiracn   Kccler,   LL.   D., 
Ihrev-tor  of  the  AllrKhcny  Obiwreatorj-  mh*  clcvled  a  e«>rre»|«>nding  memlier. 

Mr.  Pnraey  laid  un  the  tnlile  voriouk  iiublicntions  iiteludinj;  tltc  Inlcst  reports 
ql  the  tfritiiih  AKlniiimniml  .VMociutioit  and  The  AKtronuniiuil  Society  oftlie 
Paci6i'.  n*  well  us  ii  jiccHrinntion  ndvnm.'e  e«|»y  n(  the  fimi  volume  oi""Wehrr.'i 
(■-'■■     '  '"  '  iii)n  Tflc'cojies."  JUKI  pnhli»iied  liy,  uiul  rcc«i\i'd  (lim-t 

I  -.  <>ree>t  Si.  Co.,  u(  Loiidtiii.    hi  (u)dition  to  thc<.'<>mpli< 

-^.^.. ,.  :  .li<ihcrs.  Kev.  T.  K   l»|Kn,  V.  \i.  A.  S..  editor  of  the  new 

rtftiMvii,  111  Ins  preliiiv,  ereihts  the  Socwly  with  hm-inj;  »iip>;c!tl«d  ralunltle  *c«tun-» 
to  t>r  iiitriHlii(x-<l  into  ihe  liiMtk.  The  iirxi  volume  deals  eiiiirely  with  tlic  aolar 
9V«lcm;  tlte  M-votul  with  tin-  ttdrs. 

Mr  Todhunier.  the  trenBiirer,  prcitentotl  an  enc4}antji(inf;  annnal  report,  abow 
tnc  that  the  ossl-Is  of  the  Soi-irty,  imludinK  teWL-opc^,  iflobRt.  Iiooks,  eU-.,  had 
Ikcii  Tallied  nl  rieiiiiy  SI.HJU,  tlifii  liiricftre  ln:t  .uiive  mcinbera,  32   life,  hon- 

'I'    -■       ■    '       •    'tidini;  nirmliirni.  .mil  (\   itHMK-i.-tIt-  inembcm,  and    that,  after 

.  Ills,  tlierc  wai<  n  Niitnll  biilanve  in  bank. 

,  „   ..;j.jrt«l   ihut  duniiK  IKH^,  iwciity-iivc  nectilnr  mcetinga  had 

rn  held,  with  an  avrrnKt:  nttendnnee  that  indk-utca  a  well-«i» tallied  interest, 
ammrr  nnd  winter,  ill  the  work  of  the  Society. 

(Hi  nioliou  ol  Dtc  treaHiiter.  it>e  nnnoa]  fee  (or  active  lady  raeinben  wne 
placed  Bt  $1.  and  the  lile  tncmberahip  fee  for  a  lady  meml^er  ut  (lO. 

MiM  A.  A.  r.rav  reuil  ii  list  of  phenomena. 

A  •ti-ihinu  i]i«pfav  of  nnroi-n  in  the  niirlbrruiteni  sky  at  0:IU  r.  ii.  ott  \Vednc»- 

iAy.  "■-■'    ' '■     ■'■■-    '-   -Ijcd  by   .Mefisni.   |oha  A.  Copland.   0-  U-    Purser. 

AhIk  'Ii,  of  Bentrice,  rind  a  Indy  tnnnlwr.     It  wa&  also 

ofafc- ' .  -       !.-  :-tiiitb,  Mr.  W.  T.  Moore  and  niauy  other  ciiiKctifl' 

Mr,  Copland  Nud  when  he  lirat  notitw]  the  dtvpUty,  all  the  «lreoiner»  were  dpqi 
enmaon,  seeming  to  roll  into  tneh  other,  and  then  ahoot  toward  the  wniith.  At 
"  1:2(1,  the  drt p  red  eolor  wan  rent  in  two  plaee-i  liv  white  bars,  a  brightly  white 
treamcr  brinR  towarrl  the  eaal.  While  and  red  kept  interchanKinK,  with  crim- 
»aa  predoniinaling,  antil  6:'d0,  after  which  lite  di-splar  gradually  faded. 

JOHN  A.  COPUIXD. 
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PHOTOGRAPHIC  NEBULOSITIES  AND  STAR  CLUSTERS  CONNECTED 
WITH  THE  MILKY    WAY. 


K.  K.  BAKNARD. 

That  rcjrfon  of  the  Milky  Wjiy  lying  dorth  aad  east  of  OrioD, 
^is  sinRiilnrly  rich  in  large  rliffiised  nebulosities.  1  have  Intcly  ae- 
:nred  n  number  of  phoiugraiilis  of  this  pari  i>f  the  sky  wiih  the 
"Win^ird  lens  (fi  in.  dinnietcr,  31  in.  focus.) 

Some  of  ihrsc  nehiilusities  were  previously  known  in  mt,  I)ut 
they  (ire  so  lnr;;c  and  so  difl"use(i  that  their  uhsen-atjon  and  locn- 
tion  with  n  telcseope  is  a  ninitcr  of  dilBculty  and  nncertninly. 
They  arc,  Ijnwevcr,  specially  saiUiblv  fur  the  photographic  plate. 

After  the  opening  of  this  Dliiwrvacory  in  1888,  while  sweepin|c 
over  this  region,  I  found  a  very  Inr^e,  weak,  diflnsed  nebulosity 

>me  hair  a  degree  south  of  the  nebtda  N.  O.  C,  22't5.    This  was 

nxcd  np  with  scvcrnl  ciinBiderable  stars.  I  niso  found  a  10  mag. 
nrlmluuK  stnr  about  hnlf  a  defijrec  north  preceilin^  224o. 

In  the  7)botographs  all  these  ncholfl?  arc  tlearly  shown,  along 
with  iithcrsnoi  seen  previously. 

The  large  difl'useri  neliulusity, mentioned, is  shown  verystrongly 
on  the  plates,  as  an  irregular  elliptical  mass  about  36'  in 'diam- 
eter. It  involves  several  considerable  stars.  DM  +  10*^.1159  and 
+  10".!  160  being  respectively  in  the  northern  and  soathcm  parts 
of  the  nebnla.  Its  pusition  would  be  closely  represented  by  the 
tnenn  of  the  position  of  these  stars,  or  for 

1860.0     6"  23'"  27'  +  10°  7' 

close  preceding  DM  +  10'*.1159  is  a  singularly  well  defined  va- 
cancy, like  a  conioia,  in  the  nebulosity. 

N.  G.  C.  224-5  is  shown  as  niso  is  11247— though  from  the  small 
extent  of  nebulosity  about  this  latter  star  it  is  but  little  blurred 
on  t         ■  '         lily  with  the  12  in.  the  nebulosity  is  decided. 

Til  ;l')us  star,  before  nu'nti()ned,  is  clearly  shown, 

with  a  quite  decided  nebulosity.  A  small  dark  space  exists  in  its 
ttKbalosity.also,  south  of  the  star.  Position  of  this  nebulous  star 
lit    1860.0     G""  23"'  14.'  ±  3        -f  10^  32'.6  ±. 
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Photographic  Nehuhxlticf  and  Stftr  Ciusterx. 
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The  most  remarkable  object  in  this  rcjfion.  however,  is 
ulosity  connected  with  15  Monoccros  (tliis  nebulosity 
tioncd  ID  N.  G.  C). 

This  group  of  bright  slnrs  is  mixed  up  with  a  knolte«i  jun!  uispv 
nebulosity  extending;  faintly  nnd  irre^ilfirly  north  ami  westerly 
to  an  extent  of  nearly  2°.  ft  is  a  very  wonderful  object  and  witli 
a  longer  exposure— which  I  hope  8«)on  to  give — promises  to  !«? 
one  of  tiie  most  remarkable  nebulte  known.  It  is  irregular  in 
outline,  but  quite  well  defined,  with  numeroug  black  gaps  run- 
ning into  it.  nnd  in  general  conforming  with  the  peculiarities  of 
the  Milky  Way  in  that  region,  showing  it  to  be  actunlly  mi3te<I 
dp  with  the  stars  of  the  Milky  Way.  resembling  iti  this  respect  a 
large  nebula  I  have  recently  found  by  photography  in  Cepheus, 
There  is  a  sinuous,  vacant  strip  in  the  Milky  Way  here  that  runs 
from  15  Motioceros,  at  first  to  the  west  for  some  3°,  and  then 
northerly  nearly  to  y  Gemini. 

These  remarks  refer  to  a  photograph  made  1H9+,  Jan.  24,  with 
Z"*  SO"  exposure  with  S  Geminorum  central.  Another  exposure, 
covering  nearly  the  same  region,  of  S*"  35'",  made  Jan.  25, confirms 
the  statements,  but  from  the  poor  condition  of  the  sky  it  scarcely 
showed  more  than  the  shorter  exposure. 

In  A.  jV,  201S  I  have  given  an  account,  along  with  a  sketch,  of 
a  large  nebulous  ring  enclosing  the  cluster  G.  C.  14-20,  the  nebula 
itself  being  N.  G.  C.  2237.  The  place  of  G.  C.  1420  for  1860.0  is 
6''  23'-  29'  -f-  5°  2'. 5. 

The  nebula  (2237)  was  discovered  by  Swift  very  many  years 
ago,  and  was  independently  found  by  me  in  January,  1883, 

The  sketch  referred  to  was  made  with  the  12-inch  in  1880. 

I  have  reccntJy  (Jan.  9,  1K94.)  securcfl  a  fine  photograph  of  this 
object  with  the  Willard  lens.  As  stated  in  A.  N.  2918,  from  its 
diflfuiqcd  nature  this  nebula  is  specially  suited  for  photogrirphy. 
This  photograph  verifies  the  statement  most  emphrttieftlly  and 
shows  how  utterly  im|Mss)b1e  it  is  to  adequately  deal  with  such 
an  object  visually. 

I  will  quote  from  my  pre'\'ions  article  on  this  subject  in  A.  N. 
2918,  in  speaking  of  its  appearance  with  the  12.inch  in  1889: 

••^Tiat  I  hail  seen  previously  and  what  Swift  had  sketched, 
was  simply  a  brightish  knot  in  a  vast  nebulous  ring  that  entirely 
surrounded  the  cluster.  By  estimation  the  average  outer  diatnC' 
ter  of  the  ring  is  40'  and  the  inner  diameter  20'.  The  inside  of 
the  ring  is  apparently  free  of  ncbulousity,  the  stars  of  the  cluster 
shining  on  a  perfectly  dark  sky.  The  outer  edge  of  the  ring  ts 
somewhat  diffused  and  irregular,  some  projections  occuring  near 


the  follomng  portion.  The  inner  edge  is  more  definite  and  cajfcc- 
ialljr  »o  following — it  is  less  dcHnitc  in  the  preceding  part,  tn  the 
north  preceding  section  of  the  ring  are  stvxral  knots,  the  largest 
uf  wltieh,  n,  is  the  one  pre^'toiisly  tiecn  by  Swift  and  niyBclf,  I  ant 
not  sure  that  there  i»  not  n.  very  snioll  lire/ik  tn  the  eonlinnity  of 
the  ring  at  the  point  b.  South  following  the  ring  and  close  to  it 
ta  the  nebulous  section  of  a  Urge  ellipse  whieh  scenis  to  be  A  por- 
tion of  another  greut  ring:  I  am  not  sure  that  thin  is  not  con- 
nected with  the  first  by  a  nebulous  strip." 

Comparing  the  photograph  with  my  sketch,  I  find  ibc  sketch  is 
corrpct  so  far  n«  it  goes,  hut  with  the  12-tiK:h  I  had  grasped  only 
the  brighter  dttnils— the  great  mass  of  it  not  being  seen  in  the 
l^uich. 

The  photograph  shows  the  iiebnid  to  be  atwiit  1"  in  diameter 
and  very  irn-gnlar  in  brigtUness  and  outline.  It  is  a  nias-t  of 
anerjually  condensed  nebulosity  involving  the  star  cluster  und 
specially  heavy  north  of  the  bright  stars.  The  nebulous  knots  or 
condensatioris.  shown  in  my  sketch,  are  conspicuous  on  the  pho- 
tographs, as  is  also  the  "nebulous  section  of  a  large  ellipse,' 
which  is  connected  with  the  main  mass;  the  full  extent  of  this 
section  is  shown  in  the  sketch. 

The  photograph  shows  that  there  is  no  nebulositi'— orif  any 
it  is  very  feeble — immediately  about  the  bright  stars.  They  ap- 
parently shine  in  a  vacant  space  in  the  south  part  of  the  nebula. 

The  entire  nebula  seems  to  be  definite^*  terminated  and  to 
leave  no  suggestion  of  a  greater  extent  being  revealed  through  ft 
prolonged  cxpostire. 

One  degT»^  south  of  the  center  of  The  nebula,  and  free  of  it,  and 
I'  '  about  Vi^,  is  a  very  thin  nebulous  strip  10'  or  12'  long 

;..  ;;  north  and  south  with  n  fnint  star  in  its  snutb  rnH,  U!<<- 
I  slender  comet  with  a  nucleus. 

In  one  of  these  photographs  nnrth  and  east  of  Orion  there  is 
an  extremely  faint  and  large  difluscd  glow  near  the  stars  **  and 
fOrioni*.  This  extends  south  of  £  and  acquires  a  slight  density 
b  about  6"  5*  +  la".  It  is  the  most  diffused  glow  of  nebulosity 
I  have  yet  seen  on  any  of  the  photographs,  It  might  almost  be 
calM  tlic  ghost  of  a  uebula,  so  faint  and  vague  is  it. 

I  have  now  covered,  photographically,  a  large  portion  of  the 
Milky  Way — from  the  Scorpion  to  Oriou— securing  characteristic 
photographs  of  the  dilTcrent  regions.  These  pictures  are  very 
wondcrlul  They  give  us  views  not  only  beautiful  but  most  in- 
tcn8<ly  interesting  and  valuable.  One  thing  very  apparent  from 
tl»«ni  is  that  the  features  of  the  Milky  Way  do  not  repeat  them- 


stives  and  that  the  dificixnt  regions  have  apparently  a  difTeimt 
order  of  structure  as  well  as  a  different  order  of  brightness  of  the 
Htars.  In  one  region  the  cloud  fortns  will  consisit  of  coai'se  stars 
while  in  another  they  arc  made  tip  of  stars  apparently  compar- 
able with  dust  particles.  This  may  l)c  due  in  the  niain  to  A 
greater  distance  from  ns  in  the  one  case.  Hut  I  believe  that  many 
of  these  cloud  forms  are  made  up  actually  of  comprtrativcly 
small  stars. 

As  we  ascend  from  the  south  throup^h  the  Scorpion ,  Sagitta  rim, 
etc.,  wrc  find  here  and  there  nchulflc  and  compressed  dusteni  Rcat- 
Icred  over  the  Milky  Way,  with  nothing  to  imply  any  bnt  an  ac- 
cidental connection  of  them  with  the  Milky  Way.  But  after 
entering  Cyguus  we  eomc  to  a  region  in  which  vast  niassts  of 
diffused  nebulosity  are  present  and  are  iiutiuestionably  actnally 
mixed  up  with  the  ground  work  of  stars.  I'rom  this  on  as  far  as 
Monoccros  we  meet  here  and  there  with  these  affected  areas. 

These  niassc!".,  however,  are  almost  invariably  mixed  up  with  a 
proup  of  stars  brighter  than  the  jrencral  average  in  that  region. 
A  magnificent  specimen  of  these  I  have  found  on  one  of  my  plates 
in  Ccpheus  which  was  given  an  exposure  of  seven  hours.  This  is 
a  mixture  of  briglit  stars  and  nebulosity.  The  diffused  portion 
of  this  nebulosity  conforms  in  itspceuliariltes  with  the  general 
structure  of  the  Milky  Way,  showing  it  to  be  actually  mixed  up 
with  the  ground  work  of  stars. 

The  brightest  star  of  this  group  is  DM  +  56''.26l7,  and  its 
position  for  1855.0.  21"  H-V"  29*.8  +  5G^  40'.7. 

These  collections  of  nebulosity  and  stars  arc  extremely  inter- 
esting and  suggestive  taken  in  connection  with  the  possible  light 
thev  may  throw  npon  the  nebular  theory.  Indeed  the  loose 
clusters  of  bright  stars  can  readily  be  separated  into  classes. 

In  the  ijrst  tltere  is  no  nebulosity  mixed  with  the  stan^,  sucb 
are  the  Hyadcs,  the  Dolphin.  Prjeseiie  in  Cancer.  M  11,  the  well 
known  cluster  in  Perseus,  etc. 

Id  the  second,  stars  and  nebulosity  are  freely  mixed  together, 
such  are  the  Pleiades,  G.  C,  1420.  15  Monoceros,  MS.  the 
nebula  in  6"  23'" 4- 10°  7',  the  great  nebula  and  cluster  in  Cepheua 
just  referred  to.  G.  C.  1306  is  also  of  this  class,  as  one  gf  my 
plate*  shows  it  to  be  a  mixture  of  bright  stars  and  nebulosity. 
The  nebulosity  is  about  H°  in  diameter.  In  the  12  in.  the  Stn 
star  referred  to  in  G.  C.  is  found  to  be  surrounded  with  a  faint 
and  small  but  decided  nebulosity.  In  the  6ndcr  (3Vi-in.)  the  8"" 
star  is  seen  to  be  surrounded  by  a  group  of  small  stars— the 
whole  being  a  loose  cluster.  The  cluster  is  enveloped  in  feeble 
nebulosity.    This  shows  strongly  on  the  plate. 


B.  E.  Baraard. 
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A  splendid  example  uf  this  admixture  of  fitnn^  aud  ncbulositv 
is  Wolfs  great  ncbuln  acar  a  C>'gni,  ii  fine  phutugraph  uf  wliicli  1 
bnvc  secured  with  366  minutes'  expusure. 

If  the  nebular  tlieory  is  true  wc  hiive  here  the  process  of  evolu- 
tion readily  illustrated — where  a  group  of  stars  is  being  evolved 
froui  difTuNenebuUMi!!  matter.  Accurdinfi;  to  tliis  idea  the  accotitl 
cUiss  of  star  flusters  IS  still  ir  on  unfinished  conditiun — the  pro- 
cess of  evolution  still  going  on  before  us,  while  in  tliK  lirst  cI.-ish 
Iht  work  of  Sun  making  is  complete. 

There  is  one  point,  however,  and  it  may  be  an  iiupurtant  t>nc, 
where  the  Pleiades  ditlcr  from  the  rest  ol  tlict»e  nebulous  clusters. 
In  its  case  the  ncbulottUy  is  condensed  about  the  individual  stars, 
m  iiearl  V  all  the  other  elusters  referred  to  llii*  ncbnlosiiy  dues  not 
scein  tti  ntiiiL'h  itMrlt  to  uny  individual  star  but  to  nimply  involve 
the  group,  the  stnrs  themselves  not  showing  any  spccinl  tendency 
toeuTulensatiun  tnclividunlly. 

A  i>hotogrnph  which  I  have  mude  in  IHya  with  five  hours  ex- 
pusure w«H  X  Cygni.  ahowii  y  Cygni  to  be  surrounded  by  num- 
erous larpe  patches  and  strips  of  nebulosity. 

1  hnvc  Hcni  a  list  of  other  photogniphie  nebulosities  to  Knaw- 
Mfx  along  with  severnl  pbotogmphs  for  reproduction,  which 
will  perhaps  appear  in  the  February  or  Mnrch  number  of  ilint 
journal. 

Mt.  HAAiiLTtiN.  1894.  Feb.  1. 


PosTftcmi'T.— On  another  photograph  taken  Feb.  1. 1894,  with 
2*  lO"  exposure,  the  9'».5  star  Dm  -f  23M313  is  found  to  be 
clitwrly  nebulous,  ti  very  nmall  dense  nebulosity  gives  it  u  fuzzy 
appearance.  This  nebulosity  is  heaviest  south  and  foltowinL-^. 
TIte  i>lace  of  the  star  for  1885.0  is 

<*  =  6'' 1 1-"  35'.8    tf  = -h  23"*  19'.3. 

On  this  same  plate  is  a  faint  narrowcurved  nebulosity  in  about, 
I«HO.O. 

€f  =  6''  S'"    a  =  -\-  23^^  0' 

It  is  nearly  Va"^^  long,  extending  north  and  south  and  convex  to 
ibr  eiu^t. 

The  cluster  Xt35.  occupying  the  middle  of  the  plate,  docs  not 
yhaw  any  evidence  of  nebulosity.  This  therefore  is  one  uf  the  non- 
nebulous  clusters.    It  is  however  a  very  beautiful  object. 

The  condensed  cluster  N.  G.  C.  2158.  south  preceding  M35,  alao 
docs  not  show  any  traces  of  nebulosity. 


The  nebulous  star  N.  G.  C.  2175  wliicli  is  better  shown  on  this 
plate  tlian  on  previous  ones,  is  quite  a  striking  objett.  The  ncbu- 
losicj'  is  about  H°  in  diameter,  nearly  circular,  but  irrc^alar  nt 
the  preceding  edge.  The  8  mag.  star  is  in  the  center  of  it.  The 
density  of  the  nebulosity  in  if*  precedinjj  part  is  somewhat  irregu- 
lar. Otherwise  it  is  nearly  imiform  in  its  light.  There  are  quite  a 
number  of  considerable  stars  mixed  up  with  it  north. 

Another  photograph  of  the  region  about  15  Moiioceros  on  Feb- 
ruary 1.1894,  with  3  hours'  exposure,  shows  the  great  nebula 
that  envelopes  15  Moiioceros  verv  much  l>eltcr  than  the  previous 
picture.  Us  full  extent— in  diameter — can  be  taken  r<mghly  at  3". 
It  clusters  densely  about  the  groups  of  ittars  and  then  spreads  out 
in  a  wenU,  dilTuse  light  with  rifts  in  it  nnd  irregularly  terminated 
along  the  etiges  of  a  vast  vacancy  in  the  Milky  Way.  The  c.ii- 
densation,  which  ig  ven,' strong,  is  not  at  In  Mnnocerns  but  \'^ 
south  i)rei,'etHng  that  star,  where  it  I>ec<mies  a  compact  mass, 
with  numerous  wisps  and  holes  iti  it.  The  whole  group  of  tliree 
or  four  bright  stars  are  iuvolvecl  in  this  denser  wispv  light,  but  !.'> 
Motioceros;  itself  does  not  seem  to  be  specially  connected  wiih  the 
nebulosity  further  than  to  be  apparently  ia  it— that  is  tlrerc  arc  no 
indications  of  condensation  about  this  the  brightest  star- of  the 
group.  This  remarkable  nebula— the  denser  part  of  it— is  worthy 
of  study  with  a  more  powerful  photographic  telescope.  The  cou- 
densed  part  of  the  nebula  is  only  a  lew  minutes  in  dianieter — but 
it  would  readily  photograph  in  a  large  instrument.  The  place  of 
ISMonocerosfor  186O.Ois«  =  0"33-  10*  +  10^  r.3.  It  is  thus 
described  in  the  catalogue  (N.  G.  C.)  "  15  Monoceros  CI.;,  ?  neb.*' 

During  the  exposure  for  this  picture,  at  10"  6'--7""  Stamlard 
Pacific  Time,  the  sky  was  suddenly  iJlnminatcd.  cumpurable  to 
that  from  a  full  moon,  this  quickly  increased  for  two  or  three  sec- 
onds ;ind  then  tlisappeared.  Rushing  quickly  to  the  sJit  in  the  lit- 
tle dome.  I  examined  the  sky  in  all  directions  for  sonte  traces  of  a 
meteor,  but  no  train  could  be  seen.  From  the  moment  I  saw  the 
light  until  1  v^'ils  examining  (he  sky  did  nut  exceed  10  seconds. 
This  I  knew  must  l>e  the  light  from  an  eaornious  meleor,  in  the 
north  or  east,  but  as  1  was  laciug  the  south  I  saw  only  tlte  illum- 
ination from  ic.  Mr.  Pcrrine.  however,  was  more  fortunate  as  he 
saw  the  meteor  itself  in  the  east.  Whal  struck  me  as  remarkable 
was  the  sudden  disap|>ca ranee  of  all  traces  of  the  meteor. 

On  another  photograph  February  '2.  1894,  with  3  hours  cxi)oft- 
ure.  in  the  region  r>f  6  Cassiopeia,  there  are  shown  two  very  sin- 
gular  fan-8ha|>ed  patches  of  nebulosity  close  to  y  Cassiopeia.  One 
is  a  little  foll()wing  and  north  of  y  ;  the  other  slightly  north  and 
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following.  Bach  is  about  24'  distant.  These  are  about  15'  in 
diameter  and  point  nearly  towards  the  star. 

In  Knowledge  for  January,  1894.  p.  17, 1  have  a  paper  on  the 
subject  of  Photographic  Nebulosities.  At  the  close  of  that  paper 
I  have  called  attention  to  what  is  apparently  a  large  diffused  neb- 
ulosity about  a  Ononis. 

I  have  there  cautioned  any  one  from  accepting  this  as  real  until 
veriBed.  The  star  falls  near  the  edge  of  the  plate  and  I  have  no 
means  of  telling  if  it  is  real  or  not.  Unfortunately  I  have  not 
yet  been  able  to  get  another  picture  with  exposure  sufficient  to  de- 
cide if  this  is  real.  All  the  other  nebulosities  I  have  mentioned, 
are  veriBed  either  by  the  telescopic  observation  or  by  another  pho- 
tograph.   This,  however,  is  not  verified  and  possibly  is  not  real. 

Februarj*  3, 1894. 

Postscript  No.  2. — Another  photograph  of  the  region  about  y 
Cassiopeia  on  February  6  with  1  hour  and  50  minutes  expos- 
ure, again  shows  the  two  queer  looking  nebul£e  near  y. 

H 


S 

Nebula  Near  y  Cassiopeia. 

In  the  latter  half  of  the  exposure  the  sky  became  thick  and 
finally  stopped  the  work.  Before  beginning  this  exposure,  I  care- 
fully examined  the  sky  close  to  y  with  the  12-inch  and  a  power 
of  80,  with  a  field  of  42'.  The  sky  was  fine.  It  was  with  the 
utmost  difficulty  that  1  could  see  these  two  nebulje.  They  were 
excessively  dilute  and  faint,  and  never  would  have  been  detected  if 
the  photographic  plate  had  not  revealed  them.  They,  however, 
photograph  very  readily,  and  I  think  would  be  shown  with  con- 
siderably less  than  an  hour's  exposure. 

The  enclosed    sketch    shows  their  position   with   reference  to 
Y  Cassiopeia.    It  is  on  twice  the  scale  of  the  original  negative. 

February  7,  1894.  E.  E.  Barnard. 
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BLBCTRICAL  CLOCK  CONNECTIONS  FOR  OPERATINQ  THE  CHRO- 

NOGRAPH> 


a,  w.  uotioii 


The  carticst  employment  of  a  clock  for  making  uulomHlic  sij;- 
nnU  by  the  ose  of  electricity,  was  by  Whcatstonc  in  184-1.  The 
clock  was  iMiule  to  make  and  bre;ik  the  circuit  ever>*  niiuiitc,  l;v 
means  ofa  disk  attaclied  to  the  escapement  wheel  arbor.  I>uting 
the  preliminary  sta^s  of  the  chronoj^raphic  methocl  lor  recordinK 
transits  in  IS4-8.9,  there  was  considerable  discussion  r<-  ■ 
priority  in  the  invention  of  an  autoiuatic  cuimeciion  fin 
a  clock  record  its  beats  on  a  moving  fillet  of  paper.  It  would 
apjKrar  from  the  evidence  that  several  pcrsuns  at  about  the  sjiuie 
time  indcfKudciilIy  solved  the  problnii.  ProfcaMor  O,  M.  Mitchel, 
Director  of  the  Cincinnati  OI>servat«ry ;  rrofcssor  W.  C.  Bond. 
Director  of  the  H.irvnrd  Obscnatory;  Dr.  John  Locke,  Cincin- 
nati, and  Joseph  Saxton.  lisq.,  U.S.  Coast  Survey,  each  ilc\iscij_ 
a  clock  connection. 

O.  M.  Mitcliel  vised  a  li^ht  wire  cross  suppoitcd  on  a  hoiizoiital^ 
axis  and  connected  with  the  bottom  of  the  pciidultim  by  ineanH 
of  a  spider's  web,  .\t  every  alternate  oscillation  of  the  pendulum 
one  arm  of  the  eross  dipped  in  a  cup  of  mercury,  thereby  complet- 
ing tlic  electric  circuit.  In  my  use  of  this  connection  ut  tlie  Cin- 
cinnati Observatory  in  1850,  considerable  trouble  was  experi- 
enced from  the  breaktn)ar  of  the  spider's  web  I  soon  fotind  that 
the  a|iparatns  was  just  as  effective  by  disjiensing  with  the  wt-b 
and  allowing  the  [K*nduhim  to  strike  the  arm  of  the  cross  and  tilt 
it  enough  to  complete  the  circuit.  The  apparatus  in  this  form  I 
sul>sef|iicntly  used  for  a  numt>er  of  years  nt  the  Dudley  Observa- 
tory. The  friction  required  to  be  o^-crcome  for  ojierating  the 
cross,  mnlerinlly  affected  the  rate  of  the  clock.  If  the  clock  was 
rated  to  run  free,  when  the  connection  was  installed,  the  rate 
was  changed  about  two  seconds  daily. 

W.  C.  Bond  used  n  light  flat  spring  six  inches  in  length,  lcm»in- 
attng  in  a  platinum  point.  The  spring  was  bent  to  fonn  a  '•  V* 
at  the  center,  and  was  mounted  horziontnlly  near  the  middle  of 
the  pendulum  rod.  By  means  ofa  pin  secured  to\he  pendulum,  at 
every  oscillation,  the  platinum  p<iint  was  lifted  out  ofa  meixtiry 
cnp  in  which  it  rested,  thereby  breaking  the  circuit. 

Dr.  John  Locke  usc<I  a  tilt-hammer  stniclc  by  the  teeth  of  the 
escapmcnt  wheel  (solid  councction). 
"  Commitnicatvrt  by  the  author. 
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Joseph  Saxton  arranged  a  tilt-hammer,  which  was  struck  by  a 
piece  of  glass  projecting  from  the  middle  of  the  pendulum  (solid 
connection). 

In  1851,  the  U.  S.  Naval  Observatory  used  a  clock  by  Frods- 
ham,  arranged  with  two  knife  edges  at  the  bottom  of  the  pendu- 
lum, which  simultaneously  passed  through  separate  globules  of 
mercury.  I  am  not  informed  who  devised  this  form  of  clock 
connection. 

During  the  early  experiments  with  clock  connections,  it  was 
thought  that  it  would  be  injurious  to  the  clock  to  allow  the  elec- 
tric circuit  to  pass  through  it,  and  hence  the  aim  was  to  con- 
struct a  connection  which  would  not  be  open  to  this  objection. 

At  Greenwich  in  1854,  contact  springs  pressed  together  by  the 
pendulum  at  every  oscillation,  were  used,  but  as  the  clock  rate 
was  not  satisfactory,  the  method  was  changed.  Later,  the  con- 
nection was  made  by  means  of  contact-springs  operated  by  a 
wheel  of  60  teeth  placed  on  the  escapement  shaft. 

The  employment  of  a  single  globule  of  mercury  at  the  bottom 
of  the  pendulum,  according  to  Chauvenct,  was  suggested  by 
Joseph  Saxton.  U.  S.  Coast  Survey. 

At  an  early  date  a  break-circuit  was  devised  in  Germany,  in 
which  two  reservoirs  of  mercury,  having  capillary  tubes  inserted 
in  the  side,  were  employed.  The  ends  of  the  capillary  tubes  were 
brought  so  nearly  together  that  the  mercury  formed  a  bridge  be- 
tween them.  A  plate  of  mica,  attached  to  the  pendulum,  cut  the 
thread  of  mercury  at  every  oscillation,  thereby  breaking  the  cir- 
cuit. 

In  1860,  Dr.  F.  Uruntiow  used  a  light  bar  miignet  about  two 
inches  in  length,  which  was  pivoted  at  the  bottom  and  set  in  a 
vertical  positi<in.  Wlien  this  apparatus  was  ]>laccd  in  front  of 
the  pendulum  at  the  center  of  oscillation,  the  bar  needle  was  at- 
tracted by  the  steel  mercury  jar  and  the  magnetic  contact  was 
broken  every  second.  Dr.  Brunnow  found  that  in  order  to  make 
it  work  well,  it  was  necessary  to  use  a  very  weak  battery  and  a 
relay.  I  used  this  connection  for  a  short  time  in  1860  at  the  Dud- 
ley Observatory.  The  description  of  the  apparatus  will  be  found 
in  Bruunow's  Astronomical  Notices,  June,  1860.  This  jqiijaratus 
is  entirely  disconnected  from  the  clock,  and  when  used  with  a 
weak  battery,  has  a  very  slight  effect  on  the  rate.  If,  however, 
it  is  used  in  an  ordinary  circuit,  there  would  be  sticking  between 
the  platinum  surfaces,  requiring  a  more  powerful  magnet,  and 
hence,  absorbing  so  much  more  energy. 

From   1867  to   1870,   for  operating  the  ().    M.  Mitchell  disk 
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chrunugrajib,  I  used  a  wire  arm  about4  indies  in  length  attached 
tu  the  pendulum  at  right  angles  near  the  point  of  su&ftcneiou.  A 
fine  platinum  ^vire  at  the  end  of  the  arm  dip|xrd  vertically  in  a 
cup  of  luercurr  at  every  alternate  oscillation.  The  eflcct  of  this 
connection  on  the  flock's  rate  was  practically  nil,  hut  one  cannot 
uttc  it  with  the  ordinary  chronogtapli  because  the  circuit  is  closed 
for  too  long  a  time.  This  connection  was  ui*cd  for  two  consecu- 
tive years  without  being  disturbed. 

ii  1870,  I  adopted  the  then  well-known  method  of  causing  a 
platinum  wire  attached  to  the  pendulum,  to  pass  through  a  glob- 
ule of  mercury  placed  at  the  bottom,  or  preferably  near  the  raid- 
die  oi  the  pcnduhim.  Instead,  however,  of  using  an  isolated 
column  of  mercury,  which  requires  frttiucnt  renewal  and  is  not 
constant  in  its  effects  on  the  clock  ratf,  I  used  a  siphon  communi- 
cating with  a  targe  reservoir  of  mercury,  thereby  keeping  the 
globule  of  mercury  constant  for  a  .vcar  or  more  without  atten- 
tion. A  connection  of  this  kind  was  used  on  a  clock  at  the 
World's  Columbian  ISsposition,  for  ojKrating  the  Printing 
Chronograph.  And  Uic  foreign  astronomers  who  saw  it  were  es- 
pecially interested  in  its  examination.  As  a  description  has  never 
been  published,  a  workinij  drawing  showing  its  construction  in 

detail  may  be  of  value. 

In  the  diagram,  p,  platinum  wire 
attached  totlic  ])etidulum  by  means 
of  6  collar  and  set  screw,  »o  that 

it  may  be  set  at  the  proper  hcigbt,j 

j^CTpj   and  also  turned  to  bring  the  wii 
,.    I   over  the  centre  of  the  globule  of 
'    mercury.    S,  an  iron  siphon  made 
of  ^-inch  gas  pipe  and  in8crte<!  in 
the  bottom  of  the  mercury  cup  C 
Clock  CoRuecTioN.  The  cup  C  is  made  oi  hard  woo( 

and  may  have  a  diameter  of  two  or  more  inches.  The  sipbo 
is  supported  at  a  on  a  block  of  hard  wood  and  mounted,  so  that 
it  may  freely  slide  in  the  direction  of  it.s  length,  The  collar  b  has 
a  pin  on  tht-  under  side  which  works  in  n  slot.  By  means  of  the 
set  screw  in  the  collar  b,  the  siphon  may  be  adjusted  in  a  vert- 
ical position.  A  milled  head  screw  t  presses  against  the  siphon 
leg,  and  a  spiral  spring  m  holds  the  siplion  firmly  against  the 
screw  t.  The  object  of  the  adjusting  screw  t  is  to  be  able  to 
make  the  seconds  e(|nal  without  stopping  or  interfering  with  the 
clock.  When  Iheconncction  is  set  up,  thetguickest  and  most  ac- 
curate adjustment  is  made  by  allowing  the  pendulum  to  swing, 
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ao  that  the  platinum  wire  will  just  pass  over  the  mercury  globule 
and  break  circuit  equally  on  each  side.  If  this  adjustmentisprop- 
erly  made,  the  connection  will  operate  a  year  or  more  withput 
attention.  By  having  a  surface  of  mercury  of  the  dimensions 
specified,  the  loss  from  oxidation  will  not  lower  the  level  of  the 
globule  an  appreciable  amount  for  a  long  period. 

When  I  used  this  apparatus  at  the  bottom  of  the  pendulum, 
the  siphon  was  fastened  to  a  flat  iron  bar  of  the  same  length  as 
the  pendulum,  in  order  to  compensate  for  the  effect  of  tempera- 
ture. But  when  used  at  the  middle  of  the  pendulum,  it  is  not  of 
so  much  importance.  In  all  forms  of  mercury  connections,  how- 
ever, if  impure  mercury  is  used,  the  oxide  may  sometimes  adhere 
to  the  point  of  the  platinum  wire,  in  which  case  the  circuit  will 
not  be  established  for  some  seconds  after  being  closed.  A  drop  of 
kerosene  oil  placed  on  the  globule  will  usually  eliminate  this 
source  of  trouble.  If,  however,  one  uses  pure  mercury  and  not 
less  than  seven  cells  of  gravity  battery,  the  connection  is  no  more 
liable  to  fail  than  if  made  between  platinum  surfaces. 

Recently  1  have  employed  the  gravity  cells  in  an  indirect  man- 
ner. Seven  gravity  cells  are  joined  in  series  with  three  small 
storage  cells,  and  the  current  for  operating  the  chronograph 
derived  from  the  latter.  By  this  plan,  one  gets  nearly  the  same 
voltage  and  a  considerable  increase  in  the  amperes,  provided  the 
circuit  is  of  low  resistance.  Gravity  cells  used  in  this  manner, 
will  run  six  months  without  cleaning;  it  is  necessary,  however, 
to  add  water  and  sulphate  of  copper  from  time  to  time. 

The  connection  which  I  use  when  operated  by  a  twelve  pound 
pendulum,  describing  a  semi-arc  of  1°.5,  changes  the  normal  rate 
of  the  clock  0.11  sec.  daily,  and  the  semi-arc  of  oscillation  is 
shortened  about  0°.03.  If  applied  to  a  heavier  pendulum,  the 
effect  would  be  still  less  in  distributing  the  normal  rate. 

In  all  the  methods  hitherto  devised,  however,  for  making  a 
clock  record  automatically,  more  or  less  work  is  required  to  be 
(lone,  which  is  prejudicial  to  the  maintenance  of  a  uniform  rate. 
Tlie  chief  objection  to  the  solid  connection,  lies  in  the  fact  that 
too  much  work  is  required  to  be  done  by  the  clock.  .\s  friction  is 
never  constant,  it  should  be  rcducctl  to  a  minimum  to  get  the 
hest  results. 
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METEORIC   ASTRONOMY 


UAKIBI.  KIKKWOOD. 

HI. 

The  Antiromcdes,  or  Bicia  Meteors. 

Another  swarm  of  meteors,  now  well  known,  is  that  produced 
by  the  (lissohition  of  Bicla's  cornet.  The  story  of  this  wonderful 
body,  its  sepuration  into  two  parts  in  1S45,  its  fiirthcr  brciiking 
up  into  fraj<nicnt»  sn  aiiiall  as  lo  Ijc  scpomifly  invisible,  exce]>t 
when  rendered  luminous  hy  coming  in  collision  with  the  atnios- 
plterc  o(  llic  Earth — all  arc  now  niattcni  of  familiar  history. 

The  two  parts  into  which  Hiela  s  eontct.  separated  had,  before 
passing  out  of  sight  in  T.ft4G,  alinincd  a  distance  from  each  other 
of  more  than  L'OO.OiM)  miles.  This  distance  before  the  next  |jcri- 
hclion  passage  in  1S52  had  hcconic  1.500.000  miles,  and  Ix-fore 
another  period  had  been  completed,  the  fragments,  by  further  di- 
rision,  had  become  invisible.  In  1872,  however,  the  separated 
parts  -were  seen  as  a  metearic  sliower.  The  phenonien<in  was 
again  repeated  in  lRfi5.  when,  during  the  dispUiy.  a  meteoric 
stone  of  ten  ]M>und.';  weight,  tell  nt  Mnznpit,  in  northern  Mexico. 
This  interesting  object  is  therefore  regarded  by  some  astronomers 
as  an  actual  part  of  Bicln's  comet.  The  last  shower  from  ilii:i 
cluRter,  November  23, 18I>2,  was  very  generally  observed  tliroiigh* 
out  the  Tnited  Stales.  It  wns  thus  noticed  by  the  Scientitic 
Amcricna  of  December  17ih: 

*■  Persons  who  happened  to  be  in  the  open  air  ou  Wednesday 
evening,  Xovemlier  2vl,  had  the  privilege  of  witnessing  a  phenom- 
cnon  of  m^ore  than  ordinary  interest.  A  brilliant  display  of  celeiu 
tial  fireworks  commenced  about  six  o'clock  and  lasted  several 
hours.  Meteors  at  the  rate  of  several  hundred  per  hour  were 
watched  and  counted  by  numerous  spectatitrs.  The  writer,  nt 
early  twilight,  counted  15(t  mctcora  in  thirtj*  minutes.  Later,  a 
neighbor  made  the  number  700  per  hour,  and  the  whole  numlier 
seen  at  a  single  station  during  the  display  must  have  nniouuted 
to  thousands.  How  are  the  pheuonicna  (o  lie  accounted  for? 
How  frei|uenity  do  they  occur?  Anil  when  may  they  be  again 
ex[Krcted?  were  (luestitnis  asked  by  nuiny  (►bservvr'*  dtiriug  the 
display  in  southern  California. 

"  Aged  jR-rsons  remend>er  Riela's  coniet--a  telescopic  body  hav- 
ing  n  pcrioil  of  six  years  and  eight  months,  or  three  periods  in 
twenty  years.  t>ne  of  its  returns  was  due  in  the  latter  part  of 
1845,     Instead  of  appearing  alone,  iis  on  former  returns,  it  vras 
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%tcn  as  two  sepnmte  bodies,  as  far  apart  as  tlie  Moon  and  Clic 
Earth.  The  dissohition  of  this  wonderful  body  hnd  therefore 
commenced,  nnd  the  mum  (in  1S52)  wa#  accordingly  looked  for 
with  still  increasing  interest.  It  came  tme  to  time,  hut  the  tr^g- 
ments  still  further  a^mrt.  That  was  the  Inst  time  it  ever  .ip- 
prJired  /is  H  comet.  It  was  due  in  1850,  1.S05,  or  ]S«6.  1872, 
187A.  1885,  nnd  in  November,  lft»2.  This  process  of  falling  to 
pieivs  liei^jin,  as  we  have  seen,  in  1K4.5,  and  advanced  from  \>.ti 
lo  year  till  the  frapinents  became  too  siiuill  to  he  iadividii.  ; . 
seen.  They  pass,  however,  through  our  nlniospherc,  lj«-omc 
i^itcl,  nnd  are  thus  renderetl  visible.  In  n  work  entitled  "Com- 
ets uad  \tetetirs."  published  several  years  since,  it  was  anid  of 
this  vhower'A  predece«sor:  "This,  cometarv  mass  will  be  in  clnse 
proximity  to  the  Barth  about  the  Inst  of  November,  18i)2.  An- 
other brilliant  meteoric  shower  may  therefore  he  expected  at 
that  epoch."*  This  is  the  shower  just  seen,  as  predicted  in  1873. 
The  stiidy  of  these  periodic  showers  has  estiibltsheil  many  facts  in 
rc^artl  to  their  phenomena— facts  now  to  be  foimd  in  recent 
works  on  astronomy. 

At  Lclnnd  Stanford,  Jr.,  I'niversity,  Palo  Alto.  California,  the 
meteors  were  observed  Iiy  Professor  \V.  J.  Hussey.  A  single  per. 
son  could  sec  on  an  nx-erage  from  "»0  to  60  fairly  bright  meteors 
every  fii-e  miniiies,  "corres|Minding  to  a  daily  rate  or-U)(),000,(>nO 
to  5O0,OOO,00((  on  the  hetuiapherc  turned  to  the  radiant."  Mr. 
C.  D.  Perrine  of  San  Francisco,  observed  from  7"  SZ™  to  8"  50", 
and  in  this  inten'al  of  1''  18*"  counted  one  thoasand  and  thirtecn. 
"An  observation  of  a  few  moments  again  at  10"  IS"  showcil 
them  sceniinijly  as  ft-cqnent  as  before. "f 

From  different  parts  of  the  country  the  present  writer  receivetl 
newspaper  rci>orts,as  well  as  MS  descriptions.  A  somewhat  care- 
fnl  comparison  gave  300,Of)0.<X)0  as  an  ap])roxiiiiate  estimate 
of  the  whole  number  visihtc  during  the  fall  of  six  hours.  EfTortH 
of  this  natwre,  however,  may  yet  be  regarded  as  premature. 

Of  the  several  starshowers  now  well  known,  the  Andromedes  af- 
ford the  IxMt  opportunity  for  satisfactory  study.  The  I<conids 
visit  US  but  once  in  33  years.  The  Perscitls  have  become  so  widely 
diffused  around  the  orbit  as  to  be  reganled  annual  visitors;  but 
irith  their  spread  around  the  pathway  of  the  comet  their  simul- 
taneous numbers  have  Ixvome  inconsiderable.     The  Andromedes 

spear  in  large  and  interesting  sw/irms;  the  period  is  between 
and  seven  years.    Tlie  life  of  Hiela's  comet  was  but  80  yeara 

*  Comcu  and  Meteors,  p.  88. 

t  rtib.  A.  s.  P.,  Vol.  IV,  p.  ass. 
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—from  1772  to  1852.  The  very  interesting  discovery  of  the  rela- 
tion !»ctwcen  comets  anri  meteors  hnd  not  becii  [nude  when  the 
(lissolutioti  of  Hieta's  (;pmet  was  announce<t  in  IK-t-G,  It  may 
not  Iht  wise  to  anticipate  future  devetopinents.  Whether  the 
piTSt-nt  condition  of  the  August  stream  indicates  decndeni-c— the 
(inal  tlissipntion  of  its  constitutional  parts,  as  well  hh  thnt  of 
other  streams  are  questions  which  may  1m:  left  for  future  astron- 
omers. The  sporadic  shooting  stars  observed  on  every  clear 
ni^ht  may  he  but  fragmentary  rcninins  of  meteor  streams  long 
since  extinct. 

His(orr-— This  interesting  body  was  discovcrctl  by  Mnntaiguc. 
at  Limoges,  March  H,  1772.  At  its  second  known  apparition  ii 
was  seen  by  Pons,  November  10,  ISOfl.  Its  periodicity,  hr»wever. 
was  not  discovered  till  after  its  third  appearance,  wlien  sceti  by 
liicla,  Eebniary  27,  1826.  At  this  return  its  cllii)tic  motion  was 
demonstrated.  Its  first  prcflictcd  apparition— the  fourth  ob- 
served.— was  in  1832,  when  it  was  detected  by  a  French  astron- 
omer. The  fact  of  its  crossing  the  Earth's  path  in  November  of 
that  year  having  licen  niisunderstood  by  the  illiterate  public, 
created  temporary  alarm.  Its  posftion  in  1839  was  unfavorable 
fnr  observation  and  it  escaped  detection.  In  1845-6  occurred  the 
well  kno\vu  and  often  described  division  into  two  parts,  and  in 
1852,  its  last  return  as  a  comet.  The  meteoric  visits  have  been 
already  descril>cd,  at  least  those  from  1872  to  the  present  time. 
It  is  now  known, however,  that  the  comet  had  been  in  the  process 
of  dissolution  1>eforc  1845.  The  meteoric  phenomena  of  18X8  and 
of  1798  were  undoubtedly  derived  from  this  source.*  In  short, 
the  facts  as  now  known,  indicate  that  several  comctary  or  me- 
teoric bodies  have,  since  1772,  or  perhaps  for  some  time  Ijefore 
that  ciKwh,  been  moving  nearly  in  the  path  of  Ittcla's  comet.  The 
meteors  seen  by  Hrandes  in  1 798  as  well  as  those  reported  by  E, 
C.  Hcrrick  neccniber  5-7.  1838 ;  also  the  hotly  detected  through 
the  agency  of  KlmktTfnes  in  Germany,  and  Pogsnn  in  Madras, 
in  1872,— all  doubtless  belong  to  the  same  cluster.  Its  futare 
phenomena  will  be  watched  with  interest. 


THE  SMALL  NEBULA  AT  M.  57.f 
BUGBN  VON  GOTBARO 


In  reference  to  the  small  nebula  found  by  E.  E.  Barnard  of  the 
Lick  Observatory  near  the  Ring  Nebula  of  Lyra,  I  l>cg  to  say 

■  S«  llic  ratalogw^  of  Qucti-let  and  E.  C-  Hcrrick.    Also  Nrwton'a  lectarc 
"ThcStorrof  Dida'a  Comet." -4ro.  Journal  of  Sci.,  Fcbroary,  1886, 
t  Translated  by  Miss  Madetainc  Uammcl. 


Eugen  Voa  Gotbard. 
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that  it  has  been  photographed  by  me  years  ago ;  it  can  be  seen  on 
some  of  my  plates,  but  it  is  so  small  and  looks  so  much  like  the 
surroanding  stars,  that  it  was  impossible  to  identify  it. 

Of  the  numerous  photographs,  which  I  have  taken  of  the  Ring 
Nebula  in  order  to  study  the  small  central  star,  which  I  discov- 
ered by  means  of  photography,  I  have  chosen  those  that  have 
been  exposed  the  longest,  such  as : 

I.    1888,Junc    13.    g*- 50"  —  11'' 50" 

li.     1B91,  Sjcpt-^  3^     9''20"  — ll''20"f 
1(1.     ISai.hcpt.j    9^    j,h55m_iih55m(  6 

I  have  measured  in  the  Plate  I,  which  shows  the  most  sharply 
defined  pictures,  the  coordinates  («and  S)  of  the  stars,  and  drawn 
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enlarged  to  twenty  times  the  original  the  accompanying  sketch, 
comparing  it  with  Plate  III,  and  perfecting  it,  so  as  to  show  oil 
the  stars  that  can  be  seen  on  Plate  III.  The  nebula  is  marked  N. 
I  found  the  distance  of  the  nebula  from  the  central  star  of  the 
Ring  Nebula  in  Plate  III  to  be  as  follows  : 

Dist.  —  2.316  millimeters  =  245".6 
Pes.  Angles  305° 


L'nfortnnntely  the  Rinjj  Ncbnln  has  been  so  mnch  over  exposed, 
tlint  the  slur  can  hnrdly  lie  seen,  which  greatly  diiiiinishcs  ihc 
correctness  of  the  measurements;  on  the  other  plates  the  o^ImiIu 
is  ton  faint  for  any  mcnsnrcmcnt. 

Considering;  the  coincidence  with  the  resnlis  pven  l>y  Mr.  Bar- 
nard,* I  think  I  may  tnkcit  for  ;^ranled,  that  1  have  not  mistaken 
some  other  object  for  the  nebula,  hm  that  it  really  is  on  my 
plates. 

On  this  occasion  I  must  again  refer  to  the  inestimable  ad  van- 
tagies  of  stellar  photography  hy  means  of  which  1  was  enabled  to 
confirm  tliose  observntiouK  which  have  betm  made  witli  the  best, 
the  largest  and  the  moat  favorably  siluateil  instmnicfit  in  the 
world. 

Hhrhnv  Astko-Phvsical  Obskhvatoky 
January  24,  1894. 


A.  PHOTOOKAPH  OF  THE  PLEIADES  AND  TWO  ASTEROIDS. 


II.  C.WILSON. 


A  photographic  plate  was  exposed  to  the  Pleiades  for  four 
hours  on  the  night  of  Jan.  30,  by  the  writer  at  Goodselt  Ob- 
ratory.     The   telescope  used  has   an  8-inch  objective   with 

iree  Icmws  by  the  Clarks.  It  was  driven  by  clock-work  and  the 
errors  produced  by  irregular  driving  and  refraction  were  cor- 
rected every  minute  or  two  by  the  observer,  who  was  looking 
Ihroiigli  a  ij-inch  finder  at  the  star  Alcyone,  keeping  it  continu- 
ally  bisected  by  two  cross-wires.  As  a  result  a  very  fine  picture 
was  obtained  of  the  nebula  involving  nearly  the  whole  group  of 
bright  stai*3  and  exhibiting  marvelous  details  of  structure  re- 
scnibting  those  of  the  threat  nebula  of  Orion.  The  curious 
straight  lines  of  nebulosity  running  in  some  coses  from  star  to 
star  are  shown,  but  arc  not  quite  so  narrow  and  hard-edged  a»j 
shown  in  the  reproductions  of  previous  photographs.  The  coi 
ncction  of  the  nebula  with  the  brighter  stars  of  the  Pleiades  is  so 
obvious  that  one  could  hardly  doubt  it  after,  inspecting  the  pho- 
tograph. 

All  the  star  images  are  round  and  well  defined,  the  rery  faint- 
est star  Tifiiblc  in  our  16-inch  telescope  l>eing  easily  seen  oa  the 
plate,  while  many  more  can  be  made  out  with  a  magnifying 
glass. 

"  Aalmaomicbe  Nacbncbtca,  No.  3200.    Duit.   212".8.    Pos.  Aiqilc  303°.3. 


The  structure  of  the  nebula  about  Mcropc  U  very  carious. 
There  are  many  appi-oximatcly  parallel  and  slightly  curved  lines 
oflight  passing  the  star  at  an  angle  of  about  30"  to  the  uieridiau. 
The  same  Htructurc  is  apparent,  though  less  marked,  in  the  ilifTuse 

irt  of  the  nebula  which  extend  to  the  south  and  east  of  Mero|je. 
'rom  the  southern  edge  of  the  image  of  electra  a  bright  streak  of 
nebniosity  about 20"  in  width,  proceeds  on  a  straight  line  toward 
ilcyonc.  It  extends  alxiut  one-third  of  the  way  to  Alcyone,  lap- 
'ering  to  a  point.  About  1'  south  of  this  a  narrower  parallel 
streak  extends  half  the  distance  of  the  former,  and  5'  south  au- 
•Iher  streak,  almost  as  bright  as  the  first  and  nearly  parallel,  ex- 
tends from  a  point  2'  west  of  Electra  to  a  point  5'or  G'uorthwest 
of  Merope,  taking  in  on  the  way  the  two  brightest  stars  between 
Electra  and  Merope.  Through  the  middle  of  the  group  and  espec- 
inlty  aroniul  Alcyone  the  background  is  filled  with  mottled  [Hitches 
of  nebula.  A  series  of  elongated  patches  form  a  line  extending 
from  the  star  almost  midway  between  Alcyone  and  Main  east- 
ward, joining  a  curved  row  of  stars,  almost  to  the  limits  of  the 
KToup. 

Tlie  region  about  Maia  is  especially  interesting.  A  very  bright 
homtthapctl  patch  of  nebula  runs  out  from  the  west  edge  of  the 
star  image  curving  immediately  northward,  and  e:Ltends  to  a  dis- 
tance of  3'  north  of  the  star.  The  nebula  lierc  is  full  of  irregu* 
torly  {larallct  streaks  similar  to  tliose  about  Merope  but  making 
only  It  very  smalt  angle  with  the  meridian.  Some  of  them  run  to 
and  beyond  the  bright  stars  north  of  Maia.  A  series  of  rather 
broad  and  diffuse  patches  extend  from  the  middle  of  the  group  ou 
a  diagonal  toward  tlie  northwest,  reaching  to  a  pair  of  compara- 
tively bright  stars  in  that  direction. 

All  these  features  agree  vei-y  closely  with  tlmsc  iu  the  reproduc* 
Hon  of  a  photograph  by  Mr.  Isaac  Roberts,  given  in  Knowledge 
May,  1801. 

.\itiong  the  stars  on  the  plate  were  found  two  straight  lines 
each  about  1.2  mm.  long,  having,  aside  from  their  length,  the 

ime  structure  as  the  star  images.  These  were  at  once  suspected 
^to  be  minor  planets  which,  because  of  their  motion  during  the 
four  hours  of  exposure,  imprcsseil  hnes  instead  of  round  dota 
npoo  the  plate.  When  these  were  examined  under  the  microscope 
a  gap  was  found  in  the  middle  of  each  trail  corresponding  to  the 
6ve  minutes  in  the  middle  of  the  exposure,  when  the  plate  was 
covered  in  order  that  the  driving  clock  might  l>e  wound  and  the 
telescope  readjusted.  This  completely  verified  the  supposition 
that  the  lines  were  the  trails  of  minor  planets.    The  same  aster- 


oids  were  photogrnphtrd  again,  one  of  Lhcm  on  Feb.  1  and  both 
on  Feb.  3.  Wc  have  measured  their  approximate  poHitions  from 
the  three  photographs  obtaining  the  following  results: 
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The  brightness  of  an  asLcroid  is  somewhat  difficult  to  estimate 
from  the  trail,  since  the  rate  of  itH  motion  as  well  us  the  duration 
of  exposure  enters  as  a  factor  into  the  intensity  of  the  trail. 
As  an  approximation  we  may  divide  the  trsiil  into  pjirts  cijual  tn 
length  to  the  diameter  of  star  images  of  the  same  intcnBity.  The 
ratio  of  brightness  will  be  the  number  of  parts  thus  obtained.  It 
remains  then  to  determiue  the  brightness  of  the  stars  thus  used 
for  comparison. 

In  the  present  case  the  asteroid  trail  a  was  found  to  be  equal 
to  ten  stars  whose  magnitude  was  estimated  to  Ik*  14-  on  Arge- 
landcr's  scale.  This  according  to  the  usnal  formula  would  gi\x 
the  magnitude  of  a  as  14  —  2,5  log  10  =  11.5.  Asteroid  b  wa» 
found  to  be  equal  to  twelve  stars  of  the  fifteenth  magnitude,  its 
resulting  magnitude  being  15  —  2.5  log  12  —  12,3. 

The  identification  of  an  asteroid  in  the  list  of  nearly  four  hun- 
dred is  something  of  a  task  unless  an  accurate  ephcmeris  hap|xrns 
to  have  been  computed  for  that  particular  one  for  the  time  of  the 
observation.  A  large  nuuiber  of  such  ephenieridcs  is  pnliHshcd  in 
the  Berliner  Jahrhucb.  Each  covers,  however,  only  one  month 
near  the  time  when  the  planet  is  at  opposition,  and  in  the  present 
case  the  region  photographed  was  not  opposite  llic  Son.  Another 
table  in  the y»7jr6f/c/;  gives  the  time  of  opposition,  and  the  right 
ascension  and  declinntinn  at  that  time,  of  each  minor  planet.  A 
little  study  of  this  table  will  generally  enable  the  observer  to  ex- 
clude all  but  five  or  six  of  the  known  asteroids  as  too  far  front 
the  given  region.  For  the  remaining  numlx-r  tc  is  necessary 
to  calculate  the  latitude  and  longitude  or  right  a»cension  and  dec- 
lination of  each  from  the  elements  of  its  orbit,  in  order  to 
compare  Uieni  with  the  same  coordinates  measured  from  the  pho- 
tograph. Where  the  elements  have  l>ecn  brought  up  to  date,  this 
process  is  not  so  very  difficult,  but  when  the  elements  given  be- 
long to  an  epoch  several  years  back  it  is  necessary  to  calculate 
the  |>crturbations  of  the  orbits  by  the  large  planets,  a  process 
involving  much  labor. 


tn  this  instnncc  the  asieroida  Nos.  (33),  (194),  (106),  (203), 
(207),  (235)  and  (300)  U'erv  found  by  inspection  to  be  noniewhere 
in  the  vicinity  nf  ihc  region  of  slty  photographed.  The  calcula- 
tion of  the  Inlitudes  and  longitndcs,  however,  showed  that  only 
(203)  wns  within  the  rejpon  of  the  photograph,  its  place  fnlling 
within  3""  of  lon;;itude  and  5'  of  latitude  of  that  of  a.  The 
two  were  therefore  assumed  to  be  the  same.    The  asteroid  b  in 

j^probahly  a  new  one.  atthoujj^h  it  is  po^sibIe  that  pcrtiirbationii 
vhich  were  not  allnwed  for  in  reducing  the  clcnieiUs  of  (207)  and 
(309)  from  1889  ant)  ISllO  respectively  to  1694  may  hare  snf. 

'firicntly  ehnnirt*d  their  orbits  to  bring  one  or  the  other  of  tbeni 

fsnto  the  pliice  of  h. 

Since  the  oIkivc  was  written  a  telegram  has  been  received  firom 

■  Berlin  RechenJn^titul.  to  which  tlK  olwervations  were  referred, 

'^ving  the  following  cphcnicns  of  6  from  circular  elements  deter- 
mined by  licrberich.  We  infer  from  this  that  the  planet  is  a  new 
one  and  that  further  observations  arc  desirable. 
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TWO  NEW  VARIABLE  STARS. 

■ 

— 

M.  VLBJilKG. 

A  recent  exnminnlion  of  the  photographs  of  stellar  spectra 
forming  part  of  the  Henry  Draper  Mcinorinl  work  at  the  Hur- 
▼«rd  College  Observatory,  Cambridge,  has  let!  to  the  discovery 
that  the  stars  A.C.C.  ir)7  in  R.A.  O"-  10"'.4,  Dec.  —  32'  3ti',  Mngu. 
S.ond  B.n.  +  r3417inR.A.  17*14-.5,Dec.  +  T  37',Magii.  9,5 
arc  variable.  The  first  named  star  is  in  the  constellation  Sculp- 
tor and  iis  magnitude  varies  from  6.5  to  10.  The  second  is  in 
the  constellntion  Ophiuchus  and  it  varies  from  the  magnitude 
8.S  to  12.3.  The  approximate  positions  for  19U0  arc  those  given 
above. 

FlARVAKLt  COLLnCB  OlISERVATORY, 
Cnmhridgc,  Mass.,  Feb.  13, 1894. 

•  Conioiuaicalfd  by  Rilw«rd  C.  pMrkcrinit,  IHrcctw  of  Harvartl  College  Ob- 

wcrrautrr. 


COMBTARY  SHOOTING  STARS' 


UUSBRT   A.  NBWTOJ*. 


I  faave  to  apologize  somewhat  in  that  I  come  to  the  rooms  not 
expecting  to  speaJc  to  yon.  I  have,  however,  one  point  which  I 
think  will  interest  the  membera  of  this  Society  if  they  will  give 
roe  a  few  minutes  tu  develop  it,  and  that  is  the  force  which  nctM 
on  the  small  bodies  sent  off  from  comets  and  which  form  our 
shouting  stars. 

There  are  in  the  comets  so  many  qnetitions  that  we  cannot  an- 
swer, so  many  curious  and  wonderful  phenomena  that  are  un- 
explained, that  I  am  sure  you  will  accept  my  explnnntion  of  any 
of  them  that  seems  plausible,  as  a  matter  of  interest.  From  a 
comet  there  is  continually  driven  off  matter  forming  the  tail,  a 
light  substance,  and  astronomers  are  agreed  that  the  force  that 
acts  on  the  matter  which  forms  the  tail  is  a  repulsive  force  from 
the  Sun  acting  inversely  as  the  sqnare  of  the  distance,  the  force  of 
the  repulsion  being  greater  than  that  of  attraction. 

Not  only  is  this  true,  but  different  parts  of  that  tail  are  acted 
upon  by  repulsive  forces  of  different  powers;  otherwise  the  tail 
wonld  form  across  the  sky  a  single  line  intend  of  a  broad,  ex- 
panded mass  of  light  snch  as  we  see.  From  the  comet,  however, 
there  arc  driven  off  also,  or  there  are  separated,  other  things  en- 
Hrely  distinct  from  the  tail,  small  bodies,  which  are  not  thus 
driven  away,  which  are  not  visible,  but  follow  along  closely  in 
the  path  of  the  comet,  and  whenever  the  occasion  comes,  that  is, 
when  we  go  through  a  group  of  them,  those  give  ns  our  shooting 
stars. 

The  lliela  comet,  in  the  period  about  1840,  passed  near  to  Jupi- 
ter. At  that  time  it  was  turned  pretty  sharply  out  of  its  orbit,  the 
inclination  of  the  orbit  being  turned  several  degrees,  and  the 
node  bciag  carried  forward  also  several  degrees,  represented  by 
several  days  in  the  time  at  which  wc  crossed  the  path  of  the 
comet. 

After  1840  the  bodies  which  formed  the  meteors  that  were  met 
in  1872  and  in  1885  were  separated  from  one  or  other  parts  of 
the  Biela's  comet.  I  say  after  1840.  because  if  they  had  been  sep- 
arated earlier  they  would  have  given  us  a  different  radiant  tu  the 
skies,  the  one  given  by  the  Biela  meteors  of  1838.  The  radiant 
was  changed,  the  node  was  changed,  all  to  correspond  to  the  new 

"  Address  reprioted  Nov.  32,  1893,  Iroin  Proceeding*  Amcr.  PbHoa.  5oc,,  Vol, 
XSXV.,  as  corrected  by  the  autkor. 


orbit,  and  these  bodita  could  not  have  been  turned  in  that  way 
had  they  been  before  scattered ,  because  the  force  that  acted  f>n 
theni,  the  iittriictioii  of  JopUcr.  would  hove  scattered  the  group 
instead  of  pvinff  as  that  single  compact  group  through  whicli  we 
passed  in  1S72  and  lft85in  the  course  of  four  or  five  hours,  and 
tlie  bulk  of  them  in  even  two  hours. 

In  1872,  the  comet  was  something  like  200,000,000  miles  away 
from  the  bodies  that  we  met  as  we  passed  through  them  on  the 
27th  of  November,  giving  us  a  brilliant  shower.  Thirteen  years 
later  we  passed  through  the  group  again  and  then  we  were  some- 
thing like  300,000.000  miles  ahead  of  the  comet.  So  that  some 
of  tlie  particles  leaving  the  comet  between  1S-40  and  1870,  had 
follcn  behind  and  others  between  1840  and  1885  had  gained. 

What  shoidd  separate  those  particles?  What  are  the  forces 
which  carried  off  ihose  particles  so  ninny  mile*— 200,0l.>0,000 
miles  on  the  one  band  and  300,000,000  miles  on  the  other,  in 
round  numbers?  The  force  that  acts  on  them  m«st  be  a  force 
acting  in  unc  plane,  that  is,  the  plane  of  the  orbit  of  the  comet. 

Any  force  acting  in  other  planes  would  have  scattered  the 
gi  1  we  would  not  have  met  them  as  asinglc  definite  group 

01  lies  named;  but  if  it  acts  in  the  plane,  only  scattcrinu 

Ibcm  on  the  plane,  they  would  be  together  as  we  saw  them. 

In  that  plane,  it  must  be  cither  an  impulsive  force  acting  once 
or  it  must  be  a  constant  force  acting  continually.  The  only  bod- 
ies in  ibnt  plane  are  the  comet  and  the  Sun,  and  if  the  force  tit  a 
c":  lis  force  it  mnsl  be  from  the  comet  or  from  the  Sun.    It 

i»  .  inconceivable  to  suppose  tliat   the  comet  could   have 

KDt  tbcin  oflf,  either  impulsively  or  continuously,  in  such  a  way 
ns  to  give  us  the  distance  of  200,000,000  and  300,000,000  miles 
in  the  course  of  thirty  years ;  it  would  require  far  more  than  any 
vdodtjr  tbftt  we  can  give  in  our  terrestrial  ex[)cnments,  and  we 
have  no  reJison  to  suppose  that  there  is  any  such  power  o(  impul- 
sion. Moreover,  if  the  impulsion  came  from  the  comet,  they 
would  go  in  oU  directions  and  their  character,  as  being  in  a  plane, 

rnuld  have  bwni  entirely  lout. 

^Vic  are  ilicn  Uiruwn  back  on  this  one  hypothesis,  that  the  Sun 
15  the  Boprwr  of  that  force.  In  other  words,  we  are  led  to  extend 
the  idea  that  I  gave  you  in  the  beginning,  and  which  is  accepted 
bv  ostrcnonicre,  that  the  material  which  goes  off  from  the  comet, 
after  it  leaves  it,  is  subject  to  a  force  Hke  that  of  attraction  but 
differing  in  its  intensity.  In  the  case  of  the  tail,  it  is  a  repulsive 
iorce.  To  satisly  thejie  conditions  of  separation,  part  in  one  di- 
rcctiog  and  part  in  the  other,  from  the  comet,  wc  must  have  an 


attraction  in  the  one  case  exceeding  the  attmction  of  j^ravitntion 
and,  in  the  other,  an  nttraction  less  than  the  attraction  of  gravi- 
tatioii.  In  other  words,  these  little  bodies  of  hard  matter  thftt 
go  off  from  the  comet  and  follow  very  nearly  in  its  train  are 
acted  on  not  in  proportion  to  their  mass  like  the  force  thai  acts 
on  the  planets  in  their  orhits. 

I  see  no  escape,  myself,  from  this  conclusion.  What  it  means.  1 
must  leave  to  you  to  decide.  Our  exjieriments  make  it  very  im- 
probable that  the  attraction  of  matter  differs  in  any  way  from 
proportion  to  the  mass.  It  looks  to  me  as  thotigh  the  more 
natural  explanation  is  that,  in  some  way,  the  materials  which  go 
off  from  the  comet  carr>-  with  them  a  load  of  electricity,  or  some- 
thing of  that  kind,  by  which  they  have  a  pcrnianvnt  repulsion  or 
permanent  attraction  sufiicient  to  change  the  orbit  altogether, 
not  in  kind,  bnt  in  a  steady  change,  throwing  thum  into  a  new 
orbit  with  a  new  peroid,  and  thus  scattering  them. 

What  that  added  force  must  be.  we  cannot  very  well  tell,  be- 
cause it  differs  according  to  the  place  in  the  orbit  where  the  di»- 
int^ration  lakes  place.  If  that  disintegration  takes  place  near 
the  Sun,  it  is  one  thing;  if  it  takes  place  near  Jupiter,  it  is 
another.  It  looks  more  to  me  as  though  there  was  a  disintegra- 
tion all  along  the  line  of  the  comet's  orbit,  gi^nug  us  small  parti- 
cles with  all  sorts  of  loads  of  electricity  and  all  sorts  of  differences 
of  central  attraction  and  differences  of  orbits,  and  thus  they  get 
widely  scattered  so  as  to  give  us  the  showers  a  long  distance 
from  the  comet  itself.  The  amount  of  this  change  would  have  to 
be  something  like  the  tenth  part,  possibly,  or  something  less  than 
that.  I  shonld  think  that  all  the  i)liennmcna  could  be  explained 
by  a  change  amounting  to  f»nc-tenth  of  the  attraction;  that  is, 
if  the  small  particle  carries  a  load  of  electricity  such  as  to  dimin- 
ish the  attraction  to  say  nine-tenths  of  the  original  attractive 
force  of  the  Sun,  or  increase  it  to  eleven-tenths,  it  will  explain  the 
phenomena. 

If  that  is  the  explanation,  we  come  to  this  further  conclusion  ol 
interest,  that  the  space  through  which  these  comets  move  is  not 
such  that  the  electricity  which  the  particle  carries  can  be  lost. 
Another  i>ractical  point  would  be  that,  in  the  di.scussion  of  the 
separation  of  these  comet  masses  that  Lhrc)ugh  the  telescope  wc 
see  going  off  as  the  comets  pass  the  Sun,  there  might  fairly  be  in- 
troduced an  unknown  correction  of  the  force  of  central  attrac- 
tion. 

A  Mkmrer:  Have  you  gentlemen,  who  have  made  a  study  of 
this  verj-  interesting  subject  which  you  have  been  discoursing  on. 


arrivLH]  at  nny  b>-pothe9is  as  tu  wbitt  broke  iip  tlic  Dkln  L-i>met7 
'"  -IK  Newtdn  :   I  Clin  only  answer  ns  a  working;  hypothc- 

fri-.  i\    own   niinil,  is  lliat  u  muss,  not  surroandctl   by  an 

atmoBpbcrc,  coiuinf;  down  frum  thi^  cold  mtu  a  warmer  region 
oear  the  Sun.  becomes  henlcfl  up.  ami  in  that  lie.-tting  there  is  a 
(liBinicyriitioii  };uing  on.  If  you  put  the  pieccH  of  u  meteorite  into 
a  vnrtiuni.  iind  licftt  them,  you  will  get  gnscs  that  \vi\\  be  some- 
lliinK  like  tliosc  which  are  thrown  i AT  from  the  tail  of  a  couict, 
and  the  comet  cominj;  down  near  the  Sun.  with  the  hot.  scorching 
c0ixt  entirely  unditutnishcd  by  a  thick  acnioHphere,  would  have 
-  ■  '  olT,  giving  froh  surfacet?.  An  immense  amount  of 
ic  tiorl  (ollows,  Mini  those  picvei*  wtjuhi  milurnlly  go 
off  under  *uch  excitement,  crtrrying  with  them,  ns  I  conceive,  o 
k)nd  of  electricity.  The  pr'HTHH  gocA  in  nn  HhiiOKt  fill  our  comets. 
It  is  not  in  iltrin  plone  ihni  we  see  comet!>  going  otV  to  pieces. 
Scorrs  of  comets  luive  fihown  that  Rnmc  breaking  up  under  the 
telescope. 


LONO  FOCUS  TELESCOPES. 
WILUAU  Rril.tlNB. 


The  otMtacle  to  the  incrcaMe  in  siate  and  nutnlier  of  large  teles* 
copes  19  the  cone.  How  can  this  be  reduced?  As  the  chief  cjc- 
|H  1-  .  *  :t  great  f(iuat*>rinl  are  the  mounting  and  the  dome  with 
it*    ■  '.iry  machinery  these  must  I>e  given  up.    Several  other 

typex  have  ]>ecn  proposed  but  when  telcsco|>es  having  focal 
lengths  of  sevcrnl  hundred  feet  are  used  oidy  the  horizontal  will 
be  practical.  At  present  tliift  is  but  bttle  used  and  before  its  in- 
troduction can  become  general  some  new  form  must  l>e  given  to 
h  to  overcome  the  difTicuIly  ofcontrolhng  the  revolving  mirror 
when  the  observer  is  stniioncd  at  the  other  end  of  l)ie  telcscoijc 
muny  fcet  away.  To  be  sure  the  rute  of  the  driving  mechanism 
eon  be  controlled  froni  any  distance  by  electricity,  but  for  setting 
(lie  mirror  tlie  ol)server  ought  to  sit  besi<]eit. 

I  propose  to  reflect  the  light  from  the  revolving  ndrror  to  a 
filed  mirror  dislnnt  half  the  focal  length  of  the  objective,  and  to 
tend  it  back  again  to  the  observer  sitting  in  a  chair  l>eside  the 
driving  mechanism.  In  the  cut  A  in  the  irvolving  mirror.  B  th« 
ol  C  the  fiiLcd  mirror  and  G  the  eyepiece  or  sensitive  plate, 

li  i!  ltiigt)i  of  the  objective  is  one  thousand  feet  then  the 

fixed  mirror  will  he  five  hundi'cd  feet  from  the  revolving  mirror. 
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Long  Focus  Telescopes. 
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If  the  reflecting  form  is  chosen  there 
will  be  no  objective  and  the  fixed  mirror 
will  be.  parabolic  and  placed  at  its  focal 
length  from  the  eyepiece  at  G.  This 
form  of  mounting  will  be  cheap,  only 
two  wooden  sheds  being  required,  one 
for  the  fixed  mirror,  the  other  larger 
and  divided  by  a  partition  into  two 
rooms,  one  for  the  mirror  with  its  driv- 
ing mechanism,  the  other,  a  dark  room 
taking  the  place  of  a  camera  inside 
which  the  observer  will  sit  while  look- 
ing at  the  image  on  the  plate  in  front  of 
him  thus  doing  away  with  a  guiding 
telescope.  Rods  and  wires  placed  at  his 
side  will  enable  him  to  control  the  re- 
volving mirror,  while  a  slide  in  the  par- 
tition will  admit  of  direct  access  to  the 
driving  mechanism.  A  telescope  of  this 
type  with  a  focal  length  of  five  hundred 
feet  ought  to  be  of  value  in  lunar  pho- 
tography even  if  the  aperture  was  not 
larger  than  twelve  inches.  The  two 
most  probable  causes  of  failure  will  be 
the  difficulty  of  building  a  driving  me- 
chanism perfect  enough  to  project  a 
steady  image  so  far  and  distortion  of 
the  image  from  flexion  of  the  mirrors. 
I  propose  to  overcome  the  last  by  mak< 


Astrophysics 


K  STUDY  OF  NOVA  AURIOiB  AND  NOVA  NORM*.' 


WILLIAM  H.  PtCKeMNO. 


ConsitJcritig  tluil  tlific  arc  btit  alKiut  a  dozcti  well  iitithcnticat- 
C<1  instatifcs  of  the  uppcarante  of  new  stars  in  tlic  l]istor.v  uf  as- 
tronomy, it  is  an  interesting  fact  that  the  liisl  two  should  havr 
til  1  vvitliin  two  years  of  r>iic  mitjlher,  and  that  our  earliest 

r'_  _.  _'t'  tlieir  existence  should  in  each  ca^e  l)e  due  to  photog- 
raphy. This  fact  t4iken  iu  connection  with  the  other,  that  a  lar);e 
roportion  of  the  new  stars  have  appeurcd  witliin  recent  times, 
lakes  it  evident  that  these  phenoniena  are  aol  of  .lUL-h  jjre.-ii  r-.n  ■ 
ity  in  nature  nn  was  formei'ly  soppofted. 

Unfortunately  our  only  recoril  of  the  spet'triini  of  Nova  Norniar 
consists  of  a  single  plate.  This  was  Enken  in  tlic  Itnclie  telescope 
At  Arequipa  with  small  dispersion,  the  total  distance  from  F*  to 
H  being  but  n  few  millimeters.  With  such  a  dispersion  it  is  im- 
possible to  determine  much  more  than  the  general  characteristics 
of  the  spectrum.  A  comparison  has  been  mode  with  the  spectrum 
uf  Nova  .\urigie  taken  unrler  similar  circumstances  {see  Astr<»nu- 
«v  AND  AsiKoravsics  for  January,  Plate  IV).  It  is  found  that 
each  prominent  bnxht  line  in  the  Nova  Aurig^e  has  a  correspond- 
ing bright  tine  in  Nova  Normie,  and  an  examiuntion  of  the  nega- 
tive shows  that  each  briglit  hydrogen  line  has  an  accompanying 
dark  one  by  its  side,  in  both  spectra.  In  both  cases  the  dark  line 
toward  the  more  refrangible  end  of  the  spectrum.  It  is  impos- 
ktblc  to  determine  the  relative  velocities  of  the  bodies  producing 
the  bright  and  dark  lines  from  these  8])ectra.  but  it  is  evident 
that  they  are  not  ven,"  dilTerent  in  the  two  cases. 

Turning  now  to  theoretical  considerations,  the  relative  velocity 

of  the  components  of  Nova  Aurigte,  although  high,  cannot  be 

considered   as  very   remarkable,  Iwing  less  than  three  tJmeh  aa 

great  as  is  Irequently  found  in  that  comparativclyquiescciitbody, 

the  San.     Moreover  it  is  less  than  twice  as  great  os  the  velocity 

fhich  would  he  produced  by  a  body  falling  from  an  mlinite  dis- 

incrnndjimt  grazing  the  solar  surface.      IJut  the  higli  velocity 

in  the  case  of  the  Nova  had  evidently  no  connection   with   the 

mutual  attraction  of  the  bodies,  since  it  |JcrHisted  with  but  slight 

diminution  for  several  weeks,  the  two  bodies,  according  to  Uic 

generolly  accepted  theory,  traversing  iu  the  meantime   a  dis- 

*  Coinniiuiinitn)  bj  tbc  aitthor. 


laaccctiual  to  sercral  thousand  times  ihe  diameter  of  llic  SutJ. 
Tlic  very  fact  that  so  little  ctianec  of  velocity  was  dctccte<l,  would 
indicate  that  the  combined  mass  of  the  ))odie«  must  have  been 
comparatively  «niall. 

The  hijfh  relative  velocity  of  the  components  must  then  have 
Ijcen  due  either  to  a  very  high  initial  velocity  in  both  bodies,  or 
to  an  outburst  of  some  sort,  which  produced  a  velocity  not  much 
higher  than  we  ordinarily  find  in  the  San.  I^t  us  compare  now 
the«e  two  hypotheses.  The  former  is  the  one  almost  universally 
adopted,  but  the  latter  I  think  should  not  be  discarded  without 
some  further  consideration. 

On  the  hypothesis  of  high  initial  velocities,  it  is  getierully  con- 
sidtrcd  that  the  two  bodies  are  moving  nearly  in  the  line  of  sight, 
and  that  Nova  Aurigse  lor  this  reason  furnished  unusually  favor- 
able conditions  for  our  investigation  ol  its  nature.  Out  appar- 
ently Nova  Norma;  furnished  equally  favorable  conditions,  ol- 
though  unfortunately  little  advantage  was  taken  of  them,  owing 
to  our  not  knowing  in  time  of  its  cxislciicc.  The  probability  is 
alH)ut  one  in  one  hundred  and  twenty  that  in  both  instances  the 
line  of  relative  motion  should  Ih;  inclined  less  than  thirty  degrees 
to  the  line  of  sight,  and  that  the  star  giving  bright  lines  should 
in  both  cases  be  going  the  same  way.  If  we  merely  require  that 
the  line  of  motion  should  lie  within  sixty  degrees  of  the  line  of 
sight,  the  probability  that  the  two  spectra  should  be  similar  is 
increased  to  one  in  eight,  but  we  must  admit  a  maximum  actual 
velocity  of  the  two  stars  twice  as  great  as  that  which  has  been 
observed  by  the  spectroscope.  Moreover,  bright  line  stars  are 
rather  rare,  and  even  if  we  assume  that  the  bright  lines  were  pro- 
ducc<l  by  the  collision,  it  is  rather  singular  that  in  both  enses  one 
star  only  should  be  so  affected.  The  probabilities,  as  far  as  they 
go,  arc  therefore  unfavorable  to  the  correctness  of  this  bypothe- 
sis. 

Agaiu,  how  are  we  to  account  for  the  successive  reappearances 
of  Nova  Auriga*?  Since  tiK  relative  motion  is  not  due  to  gravi- 
tation, the  two  bodies  must  still  Iw  receding  from  one  another. 
It  is  not  probable  that  each  reappearance  should  be  due  to  a  fresh 
collision  with  a  new  and  previously  unknown  body. 

It  is  much  easier  to  attack  a  hj-pothcsis  than  to  frame  a  new 
one,  but  let  us  imagine  a  rather  dark  Sun,  with  a  viscous  surface 
and  gaseous  interior.  After  many  centuries  of  quiescence  and 
contraction  a  series  of  eruptive  prominences  upon  an  enormous 
scale  burst  forth,  spreading  in  every  direction,  and  completely 
enveloping  the  star  upon  all  side*.    When  they  first  appear,  they 


[pKiaenta  epecinnn  of  bright  lines,  but  in  a  few  hours  the  gases 
first  emitted  hiive  receded  to  a  cniisiderHble  distance  from  the 
8tnr,  iind  hnvc  coole^l  dnwn  owing  In  the  rapt'I  cx]miisinii  in- 
volved by  their  recesKion,  wliich  ciiusnt  them  to  (ill  n  very  much 
largvr  sphere  thnn  that  iiripinnlly  occupied  hy  them.  Thus  the 
stor  verj'  soon  becomes  enveUipcd  in  nil  ntmosplicre  whose  outer 
regions  are  comparntively  cck»I,  The  velocity  of  the  emitted 
^asrs  is  so  grcnt.  however,  that  they  do  not  fall  buck  at  once,  as 
in  the  case  of  the  Sun,  but  continue  to  recede  from  the  star  in  all 
directions.  In  the  case  of  Nova  Aurigie  this  motion  wnei  at  the 
nile  of  of  nhout  2Ji.0O0,O()0  miles  a  dfty. 

This  cold  odvancing  atmosphere  produces  ti  series  of  dnrk  ah- 
M>r])tion  lines.  It  at  tliesnme  time  cuts  off  the  lig'ht  from  the 
hot  advancing  prominences  behind  it,  nlthough  n  fnitit  rcversid 
of  the  diirk'Jincs  in  Nova  Aurigic  was  for  a  time  detected.  The 
hot  receding  prominences,  however,  extending  away  for  perhn|w 
millions  of  miles  behind  tlie  Hnih  of  the  star,  give  out  n  light 
whose  wave-length  cannot  lie  absorbed  by  the  cold  advancing 
atniosplicrc.  They  therefore  shine  with  their  foil  brillinncj*.  The 
phcnomenun  may  Uist  for  several  weeks  or  months  uutit  the  in- 
lernnt  pressure  ta  relieved. 

Assuming  the  maximum  total  relative  velocity  indicated  by  the 
9pcctroscoi>e  lo  be  800  mites,  the  vrlocilj'  involved  in  the  irnip- 
tions  upon  this  h^-pothesis  does  not  exceed  400  miles  per  second. 
A  solar  irruption  is  mentioned  by  Vouiig  whose  velocity  equalled 
300  mites  per  sccoml,  and  prominences  arc  mentioned  by  him 
whose  altitude  reachetl  400,000  miles.  The  reversal  of  the  liright 
Bnes  in  the  spectrum  of  the  Nova  would  seem  to  indicate  that  the 
cooled  gases  were  not  receiling  from  it  indcfmitely,  but  that  a 
iiownrush  of  the  outer  Inyers  liad  already  occurred. 

If  tlie  bright  and  dark  liues  of  a  ATova  owe  their  origin  to  a 
series  of  eruptive  prominences  in  a  star,  we  should  expect  that 
the  lines  woidd  he  somewhat  irregular  in  structure,  and  that 
these  irregularities  would  vary  from  night  to  night.  In  the  ease 
of  the  <lark  lines  this  would  be  due  largely  to  the  existence  of 
bright  lines  liehind  Oiem,  which  they  more  or  less  completely  con- 
cealeil.  This  effect  is  readily  noticeable  in  the  i>hotographic  spec- 
tra, and  is  described  also  by  Dr.  Vogcl  (Asthonomv  and  Astko- 
PnvHtcs.  1893,  p.  nOl). 

If  the  light  of  the  Nova  was  due  chiefly  to  the  presence  of  prom- 
inences, we  should  expect  it  to  fluctuate  appreciably  from  night 
to  sight.  If  the  hght  was  due  chiefly  to  heat  generated  by  col- 
Usion,  it  would  l>e  more  untfonn.     The  jVova  first  appeared,  as 


shown  hy  the  Harvard  photographs  combined  with  one  of  Or. 
Wolfs,  about  December  10,  1891.  Ten  days  later  it  had  doubled 
in  brightness,  and  ii  continued  to  fluctuate,  lieconirnf;  alternately 
brighter  and  fainter  for  the  next  two  months. 

If  we  consider  a  bright  line  variable  star  to  be  ooesnforcooled. 
as  to  emit  very  large  firominencca  only  at  stated  j>eriods.  as  docs 
our  Sun  for  instance,  we  may  consider  a  Nova  to  be  (me  still 
further  cooled,  emitting  them  perhajjs  for  the  last  time,  but  ^vith 
such  intensity  that  the  included  gases  recede  in  all  directions, 
forming  an  atmosphere  of  extreme  tenuity,  but  whose  depth  mar 
possibly  be  measured  by  hundreds  ol' milHonK  of  miles.  Such  a 
body,  when  it  had  reached  a  Ktale  of  etiuilibrium  would  res<:mblc 
planetary  nebula  in  appearance,  and  probably  in  its  B[icctmm 
also. 

Harvard  College  Observatory, 
January  25, 1H94. 


NOTE  ON  THE  SPECTRA  OF  COMETS.' 


H.  KAVKBR- 


The  origin  of  the  bands  usually  seen  in  the  spectra  of  comets  is 
not  yet  suiHcicntly  explained,  although  numerous  researches  hare 
been  made  on  this  subject.  The  ])rincipnl  reason  for  this  fact  is 
the  want  of  light  in  the  spectrum  which,  forcing  the  observer  to 
use  a  very  wide  slit,  produces  several  inconveniences:  1.  All  fine 
details  of  the  structure  of  the  bands  vanish.  2.  The  maximum 
of  light  is  displaced  from  the  apparent  e<lge  of  the  bands  towards 
their  middle.  3.  The  edge  is  shifted,  and  4.  Exact  measurement 
of  the  wave-length  isirapossible. 

By  means  of  photography  Campbell  (A.strono!uv  and  Astro- 
physics, Vol.  12,  p.  652, 1893J  has  lately  been  able  to  measure 
wave-lengths  with  a  precision  hitherto  unattaincd,  and  it  is 
therefore  interesting  to  compare  his  results  with  those  obtained 
by  laboratory  observation  of  carbon  bands.  Campbell  himself 
has  made  this  comparison  between  his  measurements  and  those 
of  Professor  Runge  and  myself,  but  as  it  seems  to  me.  he  hoH 
committed  some  mistakes.  Ournieasurements  {Abbandl.b.  Ber- 
lin. Acad.,  18S9)  refer  to  the  arc,  w  hich  shows  two  scries  of  band- 
groujjs.  The  first  series  contains  bands  attributed  at  present,  by 
nearly  all  spectroscopists,  to  carbon  itself  and  not  to  hydro- 
*  Communicated  by  tbe  anthor. 


carboD,  since  Ltveing  oad  Dcwar  have  adopted  -chiH  opinion  after 
hjivin^r  opjHiitcd  it  for  a  lung  time.  Tlie  edges  hare  the  following 
Lvc-Icngtlis: 


Fint 
Group. 
(AvcordinK  tit 
AoevtrAca 

Aiul  Tluti^n) 


Sccuntl 

Group 

5035 

5685 

65il 


Third 

Group. 

61U9 


Fourth 

Oroap. 
4737 
♦715 


ctirtline  lu  Anu*   4&S5 
KtrOm  £  ThnlAi)  4«77(WnU«) 


cnfth 

iJtoiin. 
4382 
4371 
43«G 


First  Gniup. 

Sevoiid  Oroup 

4606 

4316 

4fi78 

4197 

4M2 

4181 

4ieK 

4&IG 

4lfiH 

4W2 

4153 

The  stx-oTici  serifs  belong  very  prolwibly  to  a  componnd  of  C 
and  X,  most  probably  to  cyanogen.  The  edges  of  these  band- 
groaps  have  the  following  wave-lengths, 
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CumpbeM  has  doubtlet^s  found  several  groups  of  these  two 
scries.  With  the  eye  were  observed,  the  Brat  C  group  at  601; 
two  eilge*  of  the  second  C  group  at  503  and  558;  three  edges  of 
the  tbird  C  group  at  51G2,  5129.  509;  by  photography.  6ve  edges 
of  the  fourth  C  group.  4.736,47X0.  4697,  4683.  4S75.  The  fifth  C 
group  is  very  much  weaker  than  the  others  and  it  is  therefore  not 
remarkable  that  it  has  l>een  overluoked.  Campbell  iias  oI>served 
a  very  bright  line  at  436G,  but  this  cannot  represent  the  fift.li 
group,  as  it  coincides  wilb  the  third  or  weakest  edge  of  the  gfroup. 
He  has  observed  tlic  following  of  the  cyanogen  bands;  the  first 
three  edges  of  the  second  group,  4214,  419G.  417tt;  the  firat  two 
edges  of  the  third  group.  3881.  3870.  The  fourth  and  fifth 
groai>s  are  nut  within  ihe  scope  of  Campbell's  observations,  but 
fae  might  have  been  able  to  observe  the  first  group.  The  reason 
that  this  has  not  been  the  case  is  T>eriuips  to  be  found  in  the  fact 
xhnt  thisgronpis  much  weaker  than  the  other  cyanogen  groups 
and  that  it  is  covered  by  the  end  of  the  fourth  C  group  which  is 
mttch  Rtrnnger  and  tlierefore  may  very  easily  hide  the  first  Cy 
group;  tJiis  is  also  the  case  in  the  arc  spectrum. 

It  can  therefore  tuifely  l>e  said  that  the  bands  of  carbon  and 
cyanogen  occurring  in  the  arc  spectrum  have  Ijcen  found  in  the 
spectrum  of  comets.  Hut  Cumpbcll  has  measured  still  other  lines, 
vsiucially  one  group  situated  between  436G  and  4235,  which  wc 
hnrc  not  fotnid  in  the  arc  spectrum.  CamptK:!!  supposes  that 
tills  part  nf  the  spectrum  has  not  bceu  covered  by  our  work,  but 
bcnr  he  is  mistaken ;  there  are  no  strong  lines  in  this  part  of  the 


are  spectrum,  hut  only  the  extrcralj'  faint  ends  of  the  fifth  C 
group  nnd  of  the  second  Cy  proup.  Campbell  further  Jtjirnk!!  of 
Ji  series  of  very  bright  lines  between  -U^OS  and  4.017  which  are 
also  wanting  in  the  arc  spectrum.  That  these  two  groups  of  Une» 
or  bands  belong  neither  to  the  carbon  bands  nor  to  the  cyaiingen 
bands  is  proved  by  the  rcgidar  disiributiuii  of  the  latter,  into 
which  they  do  not  fit  (Dealandres.  C.  R.  112,  p.  061,  IfiOl). 
Hassdbcrg  and  H,  C.  Vogel  believe  that  they  have  found  liandtt 
of  CO  in  the  spectrum  iif  comets ;  but  these  unexplained  bands  <lo 
not  belong  to  CO,  nor  has  Campbell  found  any  CO  bands.  There 
are.  however,  ftoine  bands  in  the  siwctrum  nf  burning  hydro- 
ejirbon  which  have  often  Iweii  ilruwii  atiil  measured  and  have 
been  photographed  by  H.  W.  Vogel,  and  E*ler.  C.  P.  Smyth 
draws,  in  the  siwctrum  of  the  acetylene  flame  (Edinhurjili  Astron. 
Ohscrvfitions,  Vol.  13,  1S71).  one  bron:l,  faint  band  at  +;tfi:j  and 
jinothcT  strong, nnrrowonc  at +;-tOfi;  Leco([  gives  4-368  and  43O0, 
Angstrom  and  Thalcn  for  the  second  4-311,  Watts  4-31 3.  Accord- 
ing to  Eder  {Denkschr.  <!.  Mathem.-Naturw.  Cfasse  d.  Wiener 
Acad.,  57, 1 890)  the  first  band  begins  at  4-;i5y ,  the  sec<nul  a t  4-31 5. 
The  bands  arc  most  distinctly  seen  on  the  bcautifiil  photograph 
of  the  spectnmi  of  the  Bunsen  flame  by  H.  W.  Vogel  {Sitzungafter. 
d.  Berliner  Acnd.,  1888).  Campbell  gives  two  of  his  lines  as 
ver>*  bright  at  +366  and  +313;  I  have  no  doubt  that  he  h;i8  here 
seen  the  two  bands  of  burning  hydro-carbon.  It  seems  worth 
mentioning  in  this  connection,  that  the  fifth  group  t^f  the  C  bands 
is  no  more  visible  in  the  flame-spectrum  photograph  than  in  the 
spectrum  of  comets. 

Cflmpljell's  first  group  of  lines  seems  thus  sufficiently  explained, 
but  I  do  not  know  of  an  explanation  for  the  second  group  be- 
tween -4098  and  4017.  Campbell  erroneously  compares  the  first 
three  of  these  lines  with  lines  measured  by  us  in  the  second  group 
of  Cy,  which  are  much  too  weak  to  have  been  seen  in  the  coract. 
Some  very  strong  lines  appear  on  Vogcl's  photograph  at  403, 
which  seem  to  form  the  edges  of  a  band  shaded  on  the  less  re- 
frangible side,  hut  it  is  improbable  that  they  have  anything  to  do 
with  Campbell's  lines.  This  part  of  the  flame  spectrum, however, 
has  as  yet  uot  been  thoroughly  examined.  Huggins  has  also  oIk 
served  some  maxima  of  light  in  the  comet  b  1S81  between  4-10 
and  400  {Chem.  News,  4A;  p.  183). 

The  principal  result  of  this  comparison  is  that  in  the  sfieetrum 
of  comets  there  are  not  only  visible  the  bands  of  carbon  and 
cyanogen  which  appear  atone  when  vapor  of  carbon  is  made 
luminous  by  electricity,  in  the  presence  of  nitrogen,  but  that  some 


bthrr  banils  «Iso  appear,  the  tiiemical  origin  of  which  we  do  not 
know,  hul  which  it  has  been  proved  arc  seen  in  the  spectnim  of 
banijn>r  hydrocarbon.  The  speclruni  of  cfunets,  therefore,  more 
resembles  that  of  a  buraiog  compound  of  carbon  than  that,  of 
a  coinponnd  of  carbon  made  incandescent  by  electricity. 
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At  the  present  time  diftVnction  grating  furnish  almost  the  only 
aiethod  for  the  accwrntc  determination  of  wa\c-Icngths  of  li_'  ■ 
Although  these  instruments  have  iKX'n  brought  to  great  p<.  > 
lion  in  the  hand»  of  Rutherfurd  and  Rowland,  as  regards  llie 
definition  of  the  lines  in  the  spectra  which  they  (.rivc,  they  Htill 
tibow  occasionally  various  anomalies  which  perliapH  cnsL  -lome 
tloubt  npon  the  rigor  of  the  optical  principles  upon  which  they 
areb.-ised.  It  will  then  be  well  to  study  these  irregnlariticst  in  u 
dctniied  manner,  to  determine  their  laws  and  causes,  and  the  con- 
ditions necesaark*  for  cstttniating  their  effect  upon  the  accnracj*  of 
measurements,  to  eliminate  the  crrorji  which  they  introihicc,  and 
btncc  to  attain  greater  iKrIection  in  the  construction  and  use  of 
difirjiction  gratings. 

This  somewhat  thankless  task  has  frctiuently  claimed  my  at- 
tention !inni*e  my  first  observations  made  a  long  while  ago  upon 
the  focal  propej'tics  of  gratings-f  I  have  been  led  to  construct  an 
engine  which  rnles  lines  which  are  automaticalty  spaced  accord- 
ing to  known  laws,  in  sucli  n  way  that  the  irregularities  whose 
origin  I  desired  to  determine  could  be  produced  and  increased  at 
<rill.  From  the  great  mnltitudc  of  practical  difficulties  which 
complicate  the  construction  of  gratings,  I  have  endeavored  to 
ttort  out  the  systematic  causes  of  irregularity,  and  to  separate 
from  them  all  considerations  of  a  purely  geoniclrieal  nature.  I 
shall  later  on  have  occasion  to  give  a  brief  dcscnption  of  this  en- 
gine, whose  successive  modifications  h.nvc  suggested  to  me  several 
interesting  results,  which  under  different  heads  I  tthall  ask  ijer- 
mis^ion  of  the  Society  to  comnuinieate  successively.  Almo:«t  all 
of  these  ore  kinematical  or  geometrical  theorems  from  which  has 
disappeared  all  trace  of  the  long  and  laboriouf?  methods  by  which 
I  aiTived  at  litem. 

•  TinoBlaUJ  ft'iriiyouroo/rfr  Ffryftyijc,  Scirtcmlwr,  1K93. 
i  Cataptcs  kenaus,\a\.  I.XXX.   p.  6*fi.  1875;   Association  &atKaist,  t'in- 
gm  tk  Snrtteii,  p.  370;  ffevucScicndftV/iw,  No.  Vi.  Sept.  IH,  1H75. 


FocAi.  Anomalies. 

Among  the  nitiuilcirrt'Kularitics  whicli  nccur  in  jiratinps  perfect 
in  defiiiHicin  and  in  most  other  respects  we  must  include  systemn* 
tic  errors  in  the  position  of  the  focus  incompatible  with  the 
theory  of  a  perfect  grating.  AH  my  observations  liave  led  me  to 
aUriliiite  tliesc  anomalies  to  two  distinct  and  i>uri'ly  geometrical 
causes: 

lat.  In  Ihe  case  of  plftnc  gratings,  to  the  presence  of  a  slight 
curvature  of  the  rnlcd  surface, 

2d .  In  the  case  of  both  plane  and  curved  gra  tings,  to  the  exis- 
tence of  a  regular  variation  in  the  distance  of  the  rulings, 

Very  often  these  two  causes  co-exist  niul  thus  make  the  law  of 
the  j^ratiug  very  complicated. 

Anomalous  Curvature  of  the  Surface. — This  curvature,  which 
as  a  rule  is  approximately  spherical,  and  usually  convex,  in  ac- 
counted for  by  Llie  difficulty  of  obtaiuJog  au  absolutely  plane  sur- 
face. When  the  surface  is  uneven,  the  definition  is  im[)errecl,  and 
the  lines  are  wjinliiig  iu  sharpness.  \Vhcnevertl»c  ruled  surface  is 
of  the  nature  of  a  surface  of  the  second  degree,  having  a  plane  of 
symmetry  parallel  to  the  rulings,  the  lines  in  the  s|)cctruni  may 
be  perfectly  well  defined.  ICven  the  inevitable  astigmulisni  may 
be  corrected  by  a  method  which  I  have  indicaied  elsewhere.' 

Hence  in  the  present  study  of  the  focal  projjcrtics  of  gratingn, 
we  may  set  aside  the  case  of  curvature  of  the  surface  in  a  plane 
parallel  to  the  rulings,  and  consider  only  the  curvature  normal  to 
them.  This  amounts  to  supposing  the  grating  ruled  on  a  cylin- 
drical surface,  of  which  the  rulings  iirc  generating  lines. 

The  ruled  surface  is  then  characterized  simply  by  its  radius  of 
cnrvnturc,  R,  so  that  all  problems  connected  with  it.  being  re- 
duced to  cases  of  plnuc  geometry,  are  much  simphfied. 

Anomaly  in  the  Distribution  ofRuImgs.  Ch&iacterisiic  Layv. — 
Continuous  inetptality  of  spacing  of  the  lines  is  explained  by  the 
difiictdty  of  ruling  them  at  exactly  equidistant  intervals.  We 
may  reprefteni  the  distance,  s,  betwceu  the  liues.  beginm'ug  with  a 
line  which  passes  through  the  origin,  by  the  formula^ 

s  —  bt-{-  c't, 
m  which  tbe  variable  t  (representing  for  instance  the  numlier  of 
tarns  or  fractions  of  a  turn  of  the  screw  of  the  dividmj?  engine), 
may  take  the  value  1 ,  2,  3,  —  ,  n.    The  disturbing  term  c0  is  pos- 

•  Ann.  dc  Cfiim,  et  de  PA_r.*  — fith  Scries.  Vol.  7,  p.  19- 

t  A  ixrm  of  small  value  in  l*  would  intrrxliicr  stvisilite  ahtrrations  inio  the  for- 
mation ul  local  imafpes.  Ttic  K''t>ting8  wbicb  wc  iv>nM(kr,  liowrver,  are  toi>  nearly 
pcrftvL'fnr  tbesc  to  be  apitrcctablc 
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itiv«,  (c  >  o),  when  the  width  of  the  spaces  incieases  with  t;  and 
negative,  (c  <  o),  in  the  contrary  case. 

KitKtaatical  Interpretation  of  the  Above  Law.  Characteristic 
Parameter. — This  law  of  the  increase  of  spacing  of  the  lines  may 
be  interpreted  by  a  diagram  which  takes  into  account  the  relation 
between  the  coefficients  b  and  c. 

Suppose  the  grating  to  have  been  ruled  by  means  of  a  screw, 
turning  with  equal  increments  of  angle  St,  t  increasing  positively. 
If  we  have  c  =  0  the  rulings  will  be  equidistant,  the  step  of  the 
screw  being  constant,  and  the  screw-thread  will  form  a  perfect 
helix,  whose  development  upon  a  plane  surface  is  a  straight  line. 
If  c  >  0  the  rulings  become  more  and  more  widely  spaced,  and  for 
c  <  0  they  become  more  and  more  closely  packed ;  the  screw  has 
then  a  variable  step,  which  if  the  screw  is  long  enough  will  end,  in 
one  direction  or  the  other,  according  to  the  sign  of  c,  by  becom- 
ing zero  when 

This  will  take  place  at  the  distance  given  by 

\vhich  we  shall  designate  later  on  by 

2 

Hence  we  easily  conclude: — ■ 

When  a  grating  shows  a  progressive  variation  in  the  spacing 
of  its  lines  represented  by  the  formula  s=^  bt  -{•  ct',  we  may  con- 
sider it  as  having  been  ruled  by  means  of  a  screw,  the  develop- 
ment of  whose  thread  upon  a  plane  surface  would  be  an  arc  of  a 
parabola,*  of  which  the  axis  is  parallel  to  that  of  the  screw.  The 
distance  of  the  apex  of  the  parabola  from  the  origin, 

__  b' 

is  a  characteristic  parameter  of  the  screw,  and  of  all  gratings 
ruled  by  means  of  it,  for  it  is  indeirendent  of  the  number  of  sub- 
divisions of  a  revolution,  that  is,  of  the  mean  distance  between 
the  lines. 

The  Laws  of  Focal  Anomalies. — We  shall  now  prove  the  follow- 
ing important  result : — 

•  The  parabolic  helix  is  made  use  of  in  the  rifling  of  gun  barrels. 


The  focal  nnonialies  »f  the  grating  in  the  plauc  normal  to  tlic 
raln]Ks  ait  completely  defined  by  two  lineai*  constants,  the  radiu» 
of  curvature  R,  of  the  surface,  and  the  parameter  P,  of  the  screw 
of  the  nding  engine.  These  two  constants  can  be  derived  from 
optical  and  geometrical  data  of  ciperinient  by  two  very  simple 
equiilions  which  may  l>c  found  as  follows: — 

L«c  p,  (/  (Fig.  1)  be  the  respective  distances  from  M,  the  center 
of  the  gratinj?,  of  the  source  A,  nnd  focus  A'  of  the  in- 
cident and  difTractcd  {K-ncits. 

ff,  «'  the  angles  which  the  axes  of  these  jiencils  nialtv  with  the 
normal  at  the  point  of  incidence. 

K,  the  radius  of  curvature  of  the  section  MS  of  the  grating 
perpendicular  to  the  mJings. 

P,  the  characteristic  panimetcr  of  the  law  of  distribution 
of  the  rnlings. 

(,        the  mean  grating-space. 

Consider  a  cylindrical  wave  emanating  from  a  point  A  and 
meeting  two  consecutive  lines  on  the  grating  at  M  and  M'.  The 
difference  of  path  of  the  two  rays  will  he 

AM^AM'.    or    /a  -  (p -f  iJp)  =  —  tfjo. 

We  have  also 

—  (?p  =,  rfs  sin  it 

and    joJe  —  tfs  cos  « 

in  which  <$sis  the  small  grating-interval  MM'  corresponding  to 
the  variation  St  in  the  et]uation  s  =  6f  -4-  ct',  (where  s  is  reckoned 
positive  in  the  direction  MS),  and  «  is  the  angle  CMA.  liach  of 
the  rulings  through  M  and  M'  becomes  a  center  of  difiracled 
waves,  and  two  such  waves  will  reach  any  point  A'  in  the  same 
phase,  if  the  difference  of  path  M'  V  +  M'  V  is  a  positive  or  neg- 
ative integral  number  of  wave-lengths.    In  that  case  wc  have 

rf/3  +  (1// ;=  —  mA    or    <Js  (sin  a  4- sin  (T*)  =  niA.,        (2) 

a  wave-length,  as  well  as  a  grating-space,  being  considered  in- 
finitesimal. 

If  we  consider  a  third  line  M",  (defined  by  a  new  constant  in- 
crement (l2  of  the  variable  £)  as  associated  with  the  second  line 
M',  the  condition  that  the  diffracted  ra\-  from  M"  shall  reach  A' 
in  the  same  phase,  is  the  same  as  before,  but  t,  a  and  c^  must  be 
replaced  by  £  +  <*(.  a  +  &oc,  and  a'  -)-  6t/.  -aj^  and  rft  remain  con- 
stant.   Hence,  differentiating  C(|uation  (2) 
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rf's  (sin  a  +  sin  a')  +  ds  (cos  a6a  +  cos  a'  rfor')  =  0.     (3) 

Denoting  the  infinitesimal  angles,  C,  A  and  A',  by  da>,  6s  and  Se' 
we  have 

da  =:  6ai  —  de  p  Se  =^  Ss  cos  a  1 

6s  =  R6a)  \     (4) 

tfa' =  (f £»  —  tff '  /3' tff'  =  (yscosa'j 

Equation  (3)  may  now  be  written,  on  substituting  for  6a  and 
6a',  in  terms  of  6s,  and  dividing  by  tf£*,  in  the  form 

^Tj,  (sin  a  -f-  sin  a') 


+ 


(6s\*/cos'a   .   cos* a'       cos  «  +  cos  a'\       „       ,„, 
«Ji-^+^/? s )="    '^' 

The  quotients  ^-^  and  -j-  may  be  replaced  by   the  derivations 

TTj  and  -r..    At  the   middle-line   of  the   grating,    which    passes 

through  the  origin,  and  for  which  therefore  t  =  0,  we  have  from 
the  equation  s  =  b£  +  ct', 


S=-.    (^0'  =  - 


The  quotient  of  these  is  P  =-„-. 

Equation  (5)  now  takes  the  symmetrical  form 

cos'  a       cos"^  a' cos  a  +  cos  «'       sin  a  +  sin  a' 

-J-  +  --^T"  -  — R p- (^> 

Also  since  e  =  b6t,  equation  (2)  may  be  written 

e  (sin  a  +  sin  a')  =  mA., 

e  representing  the  mean  grating  space.    Such  are  the  laws  of  fo- 
cal anomalies. 

Discassion  of  these  Formulas.  Conjugate  Focal  Curves. — Equa- 
tion (6)  gfives  the  relation  connecting  the  focal  distance  p'  =  MA' 
(Fig.  1)  of  a  cylindrical  wave  of  wave-length  A,,  difiracted  in  the 
spectrum  of  the  mth  order,  with  the  distance  of  the  source, 
p=MA. 

1.  This  equation  being  symmetrical  with  respect  to  p  and  a  on 
the  one  hand,  and  p'  and  a'  on  the  other,  the  points  A  and  A'  are 
true  conjugate  foci;  hence  we  may  either  regard  A  as  source  and 
A'  as  focus,  or  the  reverse. 

2.  For  any  position  of  the  source,  {p  =  const.,  a  =  const.), 
equation  (6)  leaves  the  position  of  the  focus  A'  indeterminate, 
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hence  this  equation  represents  the  geometrical  focus  in  polar 
coordinates  {(/,  a^)  of  all  positions  which  the  focas  of  the  dif- 
fracted pencil  conjugate  with  the  source  can  occupy  in  the  plane 
of  difiraction.  This  locus  is  thus  the  focal  curve  corresponding 
to  the  given  position  of  the  source. 


M  •;--,._ 


Figure  1. 


3.    The  focal  curve  A'  does  not  in  general  pass  through  the 
source  A ;  hence  there  is  a  family  of  fycal  curves,  whose  parameter 
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aero,  in  irbich  case  the  two  conjugate  carves  coincide,  and  their 
coDimon  equation  is 

(9) 


cos'  a 


cos  a   ,  sin  a  __  _ 


R 


This  curve  has  thus  the  property  of  passing  through  all  the  foci 
and  the  source.  It  is  uaique  for  a  given  grating,  and  depends 
only  upon  the  radius  of  curvature  R  and  the  parameter  P.  It  is 
clearly  independent  of  the  mean  grating-space. 


.^^ 


Figure  2. 

I  propose  to  call  this  the  principal  focal  curve. 

This  curve  takes  various  forms  depending  on  the  ratio'between 
R  and  P.  These  forms  are  derivable  from  the  type  of  the  Cissoid 
of  IKocles,and  return  into  the  type  itself  when  R  =  oo.  Equation 
(9)  may  be  put  into  the  following  forms: 

PR       CO.' a  jj^j 


CDS'*  a 
cos  a       sin  a 
^R  P" 


H  cos  {a  —  (p) 


where 


R  =  H  sin  (p 


and  hence  tan  <p  = 


R 


P  =  H  cos  9>  .  H-^  =  P*  +  R^ 

which  leads  to  a  simple  geometrical  construction  (Fig.  2). 
The  above  equation  may  be  written  in  the  form 

p  -  R  cos  ^  (,J'"J^yj  +  cos  (a  -  9.))  (11) 


which  shows  that  the  radius  vector  fi  is,  HTce  that  of  the  cissoid, 
the  sam  of  two  others,  namely'  of  a  straight  Hnc  and  of  a  circle. 
This  leads  to  a  second  method  of  construction. 

Any  point  A  may  be  found  from  equation  (10),  hy  the  aid  of  the 
straight  hne  M,C  which  joins  the  center  of  curvature  C  of  the 
grating,  and  the  point  M,.  taken  such  that  MM.  =;  P.  Let  fall  a 
pcrjicndicular  FG  upon  MO  from  the  extremity  of  a  radius  vector 
of  this  hue,  and  from  G,  a  perpendicular  GA  upon  the  radius  vec- 
tor. A  is  then  a  point  on  the  curve.  Thecurve  has  as  an  asymp- 
tote the  Hne  LX  parallel  to  Mt'  when  a  —  90"  —  <p,  and  distant 
from  the  origin  by  on  amount  MN  =  R  cos  <p  sin  "p.as  may  be  seen 
by  constnicting  the  perpendiculars  MK  upon  M,C,  KL  upon  M„M 
and  LN  upon  MK. 

The  second  method  of  constmction, derived  from  equation  (11), 
consists  of  prolonging  the  radins  vector  MJ  of  the  circle  described 
on  MK'  as  diameter,  by  an  amount  equal  to  MI,  the  radius  vec- 
tor of  the  asymptotic  line  LN  defined  previously.  The  diameter 
of  this  circle  is  MK'  =  R  cos  <p,  and  its  equation  is 

f>  =  R  cos  9>  cos  («  —  9»). 

The  point  K'  is  taken  symmetrical  with  K  about  the  Hne  MC. 

The  figure  corresponds  to  the  casec  >  0,  P  >  0.  The  ruliog* 
will  then  be  more  widely  spaced  toward  the  right,  for  P  —  —  2s,. 
(Vide  supra). 

This  second  dcfinirion  of  the  principal  focal  curve  leads  to 
several  immediate  verifications  by  considering  known  results  as 
special  cases  of  the  above. 

Suppose  the  graring  to  lieeome  more  and  more  nearly  perfect  as 
regards  spacing,  while  the  curvature  remains  unchanged.  The 
point  C  will  remain  fixed  while  M,  approaches  infinity.  In  the 
limit  the  focal  curve  reduces  to  a  circle  [ujwn  the  diameter  MC], 
and  this  is  the  circle  employed  by  Rowland  in  his  admirable  con- 
cave gratings. 

If  in  the  concave  grating  there  is  still  a  minute  systematic  error 
of  ruling,  the  angle  tp  is  not  absolutely  zero,  and  the  principal  fo- 
cal curve  is  sensibly  a  circle  whose  diameter  through  M  makes  tlie 
very  small  angle  y>  with  the  normal  to  the  grating.  This  is  the 
result  recently  obtained  empirically  by  Rvdbcrg  {Academic  dc 
Stockholm,  t.  XVm.,  No.  9).' 

Finally,  in  the  reverse  case,  in  which  tbe  grating  is  sensibly 
plane,  while  the  spacing  shows  a  marked  systematic  variation, 
the  point  C  is  at  infinity  and  qiis  a  right  angle.    The  principal 

•'iMvj.  Phil.  Mmg.,  Mareli,  1893]. 


Is  There  uxjfj^en  la  ti<e  Atmosphi 


the  Sua?        215 


focfll  mrvc  is  then  a  cissoid,  having  nn  as3*niptotc  which  passes 
throngh  M,  and  is  normal  to  the  gating  surface.  We  thus  find 
the  arrangement  of  the  foci  of  the  spectra  which  I  in>iiitecl  out  in 
my  first  rrscrirchcs. 

I  confine  myself  n I  present  to  these  purely  geometrical  results. 
rescrrinj;  for  a  fottire  article  the  description  of  expcriiiicntnl  nu-lh- 
ods  which  furnish  iiimicriral  verifications  <>f  these  laws. 


IS  THERE  OXVOBN  IN  THE  ATMOSPHERE  OP  THE  SUNf* 


.1.  C.  UttNRIt. 


This  (juefitian  han  been  much  tltttciisfled ;  itK  flohition  presents 
difiicultieK  arising,  [lerhapR,  from  the  inadeciuacy  of  tlie  methods 
which  have  l»eeu  employed  for  Ktu<lying  tlie  Hpectra  of  gases. 

The  ordinary  method  c»tisists  in  eiiclosiag  the  gas  in  tubes,  and 
causing  it  to  be  traversed  by  an  iuducltoti  spark,  with  or  without 
a  condenser.  There  is,  however,  no  proof  tliat  the  spectra  thus 
obtHtiictl  are  identical  with  those  which  are  seen  in  exuniining  a 
celestial  body  whose  atmosphei-e  contains  the  same  gaM»  under 
different  conditions  of  pressure  and  incandescence. 

It  is  true  that  the  spectrum  of  hydrogen  obtained  with  opec- 
tmm  lubes  is  identical  with  that  given  by  the  chromosphere;  but 
il  is  known,  on  the  one  linnd,  that  there  is  another  spectrum  of 
hydr<»gen  which  has  not  been  found  in  any  celestial  body,  and  on 
the  other  hand,  that  hydrogen  differs  essentially  irom  other  gases, 
Mch  as  oxygen,  nitrogen  and  chlorine,  and  is  to  be  regarded 
rsther  as  a  gaseous  metal  than  as  a  metalloid.  It  is  known, 
moreover,  that  with  the  exception  of  carbon,  np  certain  spectro. 
seupic  proof  has  been  found  of  the  presence  of  a  Hingic  fnctalloid 
m  the  stars,  or  in  comets,  or  in  nebulae.  But  is  it  possible  to  bc- 
Heve  that  all  the  celestial  bodies,  including  the  Sun,  are  deprived 
of  all  rnetnlloids,  while  oxygen,  in  the  form  of  water  vapor,  has 
been  proved  to  exist  in  the  atmospheres  of  several  of  the  planets  ? 

Let  ua  -now  pass  to  a  consideration  of  tlie  spectral  characteris- 
tics of  oxygen.  There  are  four  different  si>eclra  of  emission  which 
are  believed  Lo  belong  to  oxygen,  namely;  two  liue  spectra,  one 
band  spectrum,  and  a  continuous  si>ectrum.  In  the  spectrum  of 
the  Sun  neither  the  line  nor  the  band  9i«;ctnim  has  been  seen,  and 
as  for  the  continuous  spectrum,  it  would  evidently  be  impossible 
10  prove  chat  it  exists.    M.  Egoroff  has  demonstrated  that  in  ad* 

■  TraMlaUd  from  the  Comptca  Rendas,  cjcvil.  No.  26,  Dec.  26, 1893- 


216         Is  There  Oxygen  in  the  Atmosphere  of  the  Sim? 


dition  to  those  there  is  an  absorption  spectram  of  oxygen,  and 
that  it  is  rtprcscntctl  in  the  solnr  spectrum  by  the  two  strong 
hands  A  and  H.  M  Comii  havin;^  3iit>scqaenlly  proved  that, 
settiif^  aside  some  relatively  faint  lines  produced  by  metals  in  the 
Sun's  atinoHpherc.  there  is  n  complete  identity  Ijeiween  the  hand 
a  and  the  bands  B  and  A,  the  conclusion  may  be  drawn  that  ih's 
band  is  in  all  probability  also  a  band  of  oxygen. 

Sir  D.  Brewster  has  already  proved  that  all  these  bands  at^r 
telluric  bands,  that  is  to  say,  that  the  gases  which  produce  them 
arc  found,  at  least  in  a  larpt  measure,  in  the  atmosphere  of  the 
Knrth.  Bui  while  it  is  easy  tn  jirove  that  the  hanrls  due  to  water 
vapor  are  exclusively  telluric,  since  they  entirely  disap[K.'nr  during 
excessively  cold  weather,  it  is  otherwise  in  the  case  of  the  bands  of 
oxygen.  The  latter  are  no  doubt  weal<er  when  the  Sun  is  high, 
or  when  they  are  observed  at  stations  greatly  elevated  above  the 
Karth's  snt^hce,  but  still  they  arc  always  visible,  at  least  in  their 
stronger  parts.  It  may  consequently  he  supposed,  and  in  fact  it 
has  l>een  supposed,  that  oxygen  in  the  solar  atmosphere  may 
have  contributed  to  their  formation.  I  believe,  however,  that  I 
can  detnonstrate  tliat  these  bands  are  purely  tellnric. 

Let  us  suppose  that  the  bands  A,  B  and  a  are  partly  tcDtiric 
and  partly  solar.  There  would  then  Ije  a  particular  place  on  the 
surface  of  the  Sun, — namely, that  place  which  is  neither  approach- 
ing nor  receding  from  the  point  of  observation  by  the  combined 
action  of  the  rotary  and  orbital  motions  of  the  Earth  and  Stin, — 
where  the  two  parts,  solar  and  terrestrial,  of  a  line  belonging^  to 
one  of  the  bands,  would  have  the  same  wave-length.  At  other 
parts  of  the  surface,  however,  the  wave-length  of  the  solar  jwirt 
would  either  exceed  or  fall  short  of  that  of  the  telluric  part,  and 
it  is  easy  to  sec  that  in  the  neighborhood  of  the  solar  cijuator  the 
separation  of  the  jtarts  would  Ix-come  \Tsib!e  in  a  spectro9coi>e  of 
snfiicient  power,  so  that  the  line  would  ap{>ear  double,  having 
two  components  differing  more  or  less  in  intensity. 

Now  in  my  researches  on  the  rotation  of  the  Sun,  I  have  ex- 
amined the  lines  in  the  band  a  hundreds  of  times,  '  At  points  on 
the  east  brab  in  the  vicinity  of  the  solar  equator,  the  wave-length 
of  a  given  line  dificrs  from  that  of  the  same  line  <m  the  oi)posite 
limb  by  0.12  revolutions  of  the  micrometer  of  my  spectroscoiic,— 
a  quantity  large  enough  to  sensibly  alter  the  configuration  of  the 
small  group  of  lines  to  which  my  observations  were  ordinarily 
directed.  Consequently  if  the  lines  had  not  l>ecn  exclusively  ter- 
restrial, but  partly  of  solar  origin,  the  two  different  parts  would 
have  appeared  separated  by  so  large  a  space  that  the  duplicity 


of  the  Ime  could  nut  hnvc  escaped  even  an  inattentive  observer, 
«nd  fven  if  tlie  intetisity  of  the  comjjoijcntis  were  quite  different. 

There  is  another  scries  of  obnervations  which  affords  on  fimple 
confirmation  t}(  my  own,  nnmcly,  the  rcftenrchcs  of  M.  Coniu  on 
Ibe  groups  A.  B  and  ir.  In  these  observations  M.  Comu  recog- 
lizcd  the  different  nnturc  of  the  lines  Ijclonginj;  to  these  frrotips 
by  th<;  oscWatioas  of  tlic  aolar  rays  when  the  slit  of  the  spectro 
?o()e  wns  m;ide  to  pass  ro|iidly  across  the  image  of  the  Sun  In 
otK-illatinj*.  the  oxyjti:cn  linea  should  have  appeured  double  if 
they  have  a  double  origin,  solar  and  tcrreslriul,  and  this  appear- 
ice  could  not  have  csciipcd  the  practiced  eye  of  M.  Comu-  On 
H»c  whole,  I  do  not  hesitate  to  niMiiu.-iin  'Ii.'ii  th-  l>:inif^  A,  R  nmi 
ahttvc  a  purely'  ttlliiric  origin. 

Isthcretben  no  oxy^n  in  the  Sun?    I  have  already,  in  what 
precedes,  expressed  my  opinion  on  this  subject.    Itut  how  is  it 
that  none  of  the  spectra)  characteristics  of  oxygen  are  to  be 
:n?    The  cxplntiatioii  is  n»)t  ensy,  and  difTcreut  answers  hnvc- 
given.    It  has  been  supposed  that  the  metalloids  are  disso- 
ciated by  the  extremely  elevated  temperature  of  the  Sun,  which  is 
[plaining  an   inconiprehetisihie  phenomenon    by    a    hypothesis 
rarecly  more  intelligible.    The  fact  can  be  tnvo1ic<I,  as  it  was  by 
M.  Sehciocr,  that  in  spectrum  tubes  the  incandescence  of  metal- 
)ids  eense*  in  the  prescm-c  of  metallic  vapors ;  but  1  have  already 
itbficrved  that  one  can  hardly  be  certain  that  the  phenomena  ob- 
KTved  in  spectrum  tubes  are  applicable  to  the  celestial  bodies; 
lorcover,  in  the  first  case  the  incandescence  is  produced  by  the 
Itx'tric  spark,  while  in  the  second  it  is  the  result  of  heat  only.    It 
may  well  be  supposed,  when  we  bear  in  mind  the  diversity  of  the 
tra  of  the  metalloids,  that  in  the  particular  conditions  of  the 
>lar  atmosphere  the  spectrum  of  oxygen  is  of  such  a  nature  as 
to  preclude  detection.    And  finally  we  may  suppose,  with  M. 
Jgon  de  Oppolzer,  what  is  perhaps  not  the  least  reasonable  con- 
Tdition,  that  in  the  absorbing  layers  of  the  Sun,  oxygen  exists  in 
such  a  state  of  rarefaction  that  it  is  incapable  of  producing  any 
sensible  absorption. 

But  these  are  merely  so  many  purely  hypothetical  speculations, 
which  it  is  nscless  to  dwell  upon  here. 


A  SHORT  REVIEW  OF  MY  THEORY  OF  THE  SUN." 


A.   BBBSl'BK  JK. 


§1. 

ExPLANATiox  OF  THE  At  ToMATic  Check  Which  Prevents  Anv 

CoXaiDERABI-E  MOTION  IN  THE  INTKRIOR  OFTHR  SUNS  MAStt. 

The  interior  tranquility  of  the  Sun  is  nnt  to  be  thought  nf 
merely  as  the  "cunclitio  sine  qua  non"  of  its  permanenl  stratitica- 
tiun,  but  a.s  Jt  priori  niucti  mure  probable  than  the  ordinary 
theory  of  violent  ugiLation.  livery  one  knows  that  the  single 
cause  of  turrestrinl  cyclones  lies  in  the  disturbing  action  of  tlic 
San.  Since  an  anntogous  cause  does  not  exist  on  the  rxterior  of 
the  Sun  its  atmosphere  will  there  be  Just  as  cnim  as  wouki  ours, 
if  the  Sun  did  not  exist.  "  But,"  someone  will  ask  "is  it  not  the 
inie4|ual  cooling  that  causes  these  supiiosed  dtsiurbaiiees?"  To 
this  I  reply  that  the  incandescent  and  dissociated  gaseous  slate  of 
the  Sun's  nifiss  makes  all  unequal  or  sn<lden  cooling  iniiMssible. 

The  solar  gas  in  fact  is  so  hot  that  it  must  contain  very  many 
sei>arated  molecules  always  ready  to  reunite  whenever,  by  contin- 
ual toss  of  heat,  their  temperature  is  suflicientty  lowered.  In  this 
manner,  they  hinder,  by  the  heat  produced  in  their  union,  any  ap- 
preciable fall  in  temperature.  Just  as  steam,  in  losing  heat,  can- 
not Iw  cooled  down  IkIow  100°  until  all  its  nvass  is  converted  in- 
to water,  so  the  incandescent  solar  vapor  cannot  l>e  lowered  in 
tcm{>erature  so  long  as  any  o{  its  material  capable  of  t)eitig  con- 
densed at  that  temperature  is  not  yet  so  condensed. 

Now  if  the  incandescent  solar  gas  has  not  already  reached  tlii? 
6nal  state,  all  cooling  there  is  impossible;  and  a  fortiori,  all  une- 
qna!  cooling.  \  quiet  interior  should,  therefore,  not  surprise  us. 
The  molecules  always  ready  for  combination  at  the  least  loss  of 
heat  come  under  two  heads: 

(1.)  There  are  those  vajjors  cooled  down  to  their  dew-point 
which  are  found  throughout  the  solar  alinuspherc  and  in  the 
photosphcric  layers,  and  bear  visible  witness  to  their  saturation 
by  the  fog  of  condense*]  particles  with  which  they  511  more  or  less 
the  exterior  layers  of  the  Sun.  In  a  mist  uniformly  saturated  the 
temperature  will  always  remain  stationary,  however  great  the 
quantity  of  heat  there  absorbed  or  developed. 

*  Read  attbcCongra*  ot  ABtronomf  and  Astro-Phyrics,  Cbic^o,  Aagmt, 
1893.    Continurd  from  December  tmnibcr. 


(3.)  There  are  abo  molecules  of  dissociated  matter  cooled  to 
It  where  their  re-coiubiiiation  l>ccon)e8  possible.  These 
lies  cooperate  with  Lhose  of  saturated  vapora  to  tnniiiltiiu 
a  constiint  temperature;  because,  in  contitiuatly  conil>itiiog  in 
proportion  to  the  loss  of  heat  through  rfidintion,  the  new  bent 
tbus  produced  will  coinitcract  the  cooltnj;.  and  will  not.  on  the 
Other  hand,  produce  any  increase  of  temperature,  since  such  aii 
increase  would  l>c  imniwiiatelv  al>sort>ed,  not  only  by  the  evapor- 
ation of  tbc  mist  already  meniioncd,  htit  also  by  the  chcniictti 
dtssoctatioD  of  thoKC  same  molecules  which  tn  comliinInK  were 
the  source  of  the  new  heat. 

If,  in  gcnernl,  solar  phenomena  tench  us  thjit  the  Sun  Is  in  a 
*tatc  of  repoae  and  thai  tluH  quiet  is  such  that  the  Sun,  tn  spite 
of  its  ^iiscoiis  Btnte,  presents  the  npjwarance  of  a  solid,  made  up 
of  »ui>crpo»e<I  layers,  which  do  not  vary,  and  of  parallel  zones,  al- 
ways the  same;  and  if  here  periodic  phenomena  are  reguhirly  re- 
pealed; Oien,  1  say,  this  i|ulciiidc  agrees  very  well  with  Llie 
known  properties  of  matter.  Because  we  sec  in  the  physical  and 
chemical  condennations  by  means  of  whiqh  the  Sun  renews  its 
lost  bent  without  cessation,  an  nutoniatic  check  hindering  those 
motions  whicli,  w<ili"iii  it  cnolinc  wouM  ccrtiiinly  produce. 


«2. 


ExPUhNATIOK     0»     TH«     I.NTKRMITTIiNT     ODl'UKHAKa     OF      HkaT 

Which  this  Check  is  to  Prkvbnt. 

If  all  the  vrt|x>rized  and  dissociated  molecules  recjuired  but  an 
ii)tiuite$>imat  lowering  of  temperature  to  condense  or  to  combine 
til  ut  once,  there  w*ould  be  perfect   tranquility  as  a   result;  but 
none  of  the  characteristic  phenomena  now  olMcrved  would  fol- 
low  therefrom.      Amonj;  all   these   segregated    molecules,   there 
Would  necessarily  be  .nome,  which,  not  being  ready  to  combine  at 
the  least  reduction  in  temperature,  would  unite  in  an  intermittent 
fashion  and  would,  in  this  manner,  cause  the  (>erio*lic  pro(luctt<m 
of  ri.<  rivit  which  I  have  named  "heat  eruptions,'"  {eruptions  dc 
cbaJear).    Suchwuuld  be  tliescpflrated  atoms, Aand  n,  whose  as- 
isuciation  into  the  molecule  AB  is  not  hiutlcred  by  too  high  a  tem- 
perature but  by  too  great  a  number  of  other  intervening  mole- 
cnles.    It  18  clear,  of  course,  that  the  lonuRierable  molecules,  R, 
inicriioicd  between   the  molecules,  A   find   li,  would  net    as    an 
obstucle  to  their  union.    Thus  it  was,  for  instance,  that  in  cooling 
ft  mixture,  A+B  +  R,of  dissociated  water,  A+  B.and  of  carbonic 


acid  gas.  R.  Dcrille*  conld  collect  an  explosive  gfls,  that  is,  of 
molecules.  A  +  B,  wliich,  aecorrfing  to  other  experiments  of  Deville, 
would  surely  have  been  recontbine*?  had  they  not  been  prevente 
by  the  presence  of  the  molecules,  R,  of  cnrbonic  add.  If,  there- 
fore, in  somt"  solar  strntum,  ximilHr  combinations,  A  +  B  +  C.are 
being  produced  by  a  constant  loss  of  heat,  the  molecules,  A  -f-  B, 
although  rendy  for  association,  can  not  immediately  combine. 
The  molecules  R,  would  tlien  operate  to  oppose  this  by  a  state  of 
oggregaiioTi  corresijonding  to  the  temperature  of  the  stratum  in 
question.  Now  as  such  a  radiation  would  diminish  very  rapidly, 
the  numlicr  of  the  molecules  R  (especially  if  their  state  of  aggre- 
gation is  that  of  a  mist-like  condensation  of  a  saturated  vapor), 
the  remaining  molecules,  K,  would  finally  become  too  few  ia 
number  to  hinder  the  union  of  A  4-  B.  Theu  all  at  once  and  «<m 
far  as  possible  tliesc  molecules  would  unite.  They  would  prodbc«t3 
a  sort  of  Acnt  eruption.  But  the  beat  tl»cti  produced,  while  op- 
posing further  cooling,  could  never  cause,  no  matter  how  grent  it 
might  be,  the  least  rise  in  temperature,  since  the  bent  wotdd  be  nt 
once  absorbed  bj'  the  vaporization  or  the  dissociation  which  it 
will  again  cause  in  the  molecules,  R,  recently  condensed.  And  this 
work  ended,  the  temperature  woidd  never  be  higher  than  before, 
since  an  increase  of  heat  would  cause  an  increase  of  dissociation, 
while,  the  oolv  source  of  heat  is  the  formation  of  new  molecules 
AB. 

At  the  termination  of  this  outburst  of  heat  we  find  again  the 
■molecules  R.  which  that  heat  had  separated,  in  the  same  state  aa 
at  first— that  is— in  the  slate  in  which  by  their  presence,  they  pre- 
vented the  combination  of  the  remaining  molecules  A  +  B ;  and^ 
consecpiently,  by  their  condensation  preserved  the  solar  bent  and 
in  this  manner,  made  way  for  a  new  outburst  again  to  disunite 
them;  and  so  on. 

It  is  clear,  moreover,  that  a  heat  eruption  will  never  be  pro- 

■duced  in  all  points  of  the  same  spheroidal  layer  at  the  same  time. 

For  at  different  points  of  the  stratum  there  would  be 

<1)  Some  slight  inequality  in  chemical  composition  and 

(2)  A  muL-h  more  important  inequality  in  the  emissive  and  re- 
flective power  of  neighboring  layers  more  or  less  misty  in  their 
composition— an  inequality  which  will  tcmporarilycause  a  loss  of 
heat  peculiar  to  each  part  of  the  layer.  Now  as  it  ia  only  this  loss 
which,  in  connection  with  the  chemical  composition,  determines 

*  B  H  Satnte-Claire  Deville;  Ltcotasaria  dhaoctathn  propew^  deraat  I* 
Soekte'<:hi'miqM.lfiQ*.Dtbmy-.Dict.aecbiTaKparA.Vlartz.\rt.DiM80CiMtioa,p. 
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an  eruption  dt  cbalear,  each  outburst  will,  tn  consequence.  hAve 
nn  extent,  a  duration  and  a  motion  cntircli*  its  own. 

Such  is  tlieexptiinHtion  of  the  manner  in  which  the  chi:iiin;il  i-n- 
crgy  of  the  dissoc titled  elements  can  oppose,  in  nn  iiitertiiittcnt 
mnnncr.tite  cooling  of  the  Sun,  and  of  how  it  can  produce  in  the 
exterior  Invert,  pt-riodic  hcnt-eruptions  which  are  repented  at  sen- 
sibly etjual  i»eriods,  while  the  r^-conilti nation  constantlj  goiuj}  on 
in  the  di»<iociated  strata  prevents  any  obvioufl  change  in  their 
chemical  compositinti." 

These  heat-eruptions  which,  while  maintaining  the  tempera* 
tare  constant,  jirevent  nil  intcri'or  movement  in  the  solnr  mans, 
would  cake  place  perhnpa  unpcrceivcd  if  they  were  not  charac- 
terixcd  l},v  tihurply  detined  luminous  phcnoniena  which  arc  shown 
to  be  exactly  »uch  as  arc  required  by  theory,  It  is  clear  that 
where  a  heat  eruption  is  formini^  there  will  most  often  be  cloud- 
like  or  misty  niaiter.  R,  which, being  highly  incandescent,  will  ciuit 
a  white  ItKht  with  a  continuous  spcxtnmi,  and  that  wlicre  such 
an  eruption  is  already  formed,  oti  the  contrary,  that  white  light 
preexisting  will  disapi>car  agnin.  But  the  disappearance  of  that 
white  light  will  not  be  the  only  luminous  eflect  of  a  Iieat  erup- 
tion ;  for  that  eruption  Iwiug  caused  by  achcmical  combination  of 
the  gaseous  uiolccules  <V  and  B,  will  produce  a  spectrum  of  bright 
lines,  that  is,  a  "chemical  luminescence"  like  that  which  one  ob- 
ten-es  in  onr  laboratory  flames,  where,  according  to  recent  work 
of  a  large  ntimber  of  physicists, I  it  is  independent  of  the  tempera* 
tore,  the  principal,  if  not  the  only  cause  of  bright  line  spectra. 
Such  arc  the  intermittent  luminous  phenomena  which  my  theory 
of  a  gaseous,  trant|uil  globe  with  periodic  heat  eruptions  leads  us 
to  expect,  and  sucli  ai%  also  the  intermittent  luminous  phenom- 
eim  which  the  Sun  actually  presents.? 


'  We  have  in  tlicnc  nulburstmuf  licnt  whiL-It  oi-i-iir  in  tlir  ittin  (1)  the  nontiensM- 
^anofvnpnrited  matter,  t\T\t\  {2)  tlte  cbrnticnl  V'jmhiriittiou  u/' iti*iui£iatei!  matter. 
ThcM  *. .'  .  Ill  4ourv«s  of  hnit,  L-ucb.   so  lu  8pc-uk,  rvimirine  \he 

JftinaK'  —June.      Ktit  tliL-rr  ill  lit  IticSnii  ttill  nimthrr  (tnuri'r  iif 

iwr:'   "-■  ■}■}•■!' .--..'  r'—  '^■■-       i'.  .-..i.u     ,i.  ,,,.■  .  \nity,  *u(- 

Br  -cr  Inter, 

.   ;       ;i     ;    ■    I     ,       .1        .  .   .,rs   fJe  chal- 
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WrcdrmaDn:  Pogfr.  Ann.  37,  pp<  177-348;  R.  t.  Hdntlioitt:  Die  Uebt  and 

'  t-erbrtnttcn/ifftlntf.     IlcHin,  IHHlf;  W,  II.  jitliit»;  l>ie  Ufht  and 

iethrMntiterOnae.    IkTliii.  1S9(1;  l.:iit^l«v  miil  Verv.  Amer.  four. 

fi,  |jp.  07-113.  tl    Wiedemann    Lebre  von  Eltc.  IV.  ji,  S2fi;  W,  Sic- 

Uiri.  lM,p.31I:  K.  rrinsshenii:  Wieil  Ann.  \^^  {\H'A-i).\i.  Vir^.Salurc. 

.  rn  which  Miliir  plifnomnm  iivajn]  witti  iIk  prwllclion*  nf  my 

itjrr  rcmfirkrthlc  sinci- in  ilrveWtpirj;  my  theory   [  never  liucl  the 
V  111  view.  Inn  Vinlirr,  the  i:siiliinn(,»tin  itf  vnriahle  rvxt  stats.     Thisri.* 
.  ts  puliliBhci]  in  1^^S  uml  m.-ir  l»c  l>rielly  RDinmeil  up  n&  tbilufvs: 


§3. 

Explanation  of  the  Pkccuar  Rotation  op  thk  Photobphkbic 

Layks  and  op  somb  Local  DisrrRDANCRs  wuicu 

THAT  Rotation  SRot'i.n  pRomcK. 

Jlcforc  sttidyins  the  intermittent  luminous  phenomena  which 
the  Sun  exhibits,  we  must  first  sny  a  word  or  two  conecniing  ila 
rotnti(m.  and  the  contipiiration  of  its  gaseous  portion. 

The  eloHtly  photosplicric  layer  of  the  Sun  shows  no  sensible 
fliittening,  tiie  solnr  pus  itself  nevertlieless  has  an  Jippreciiihlc 
equalorinl  nilnrKcnient  wbieli  has  often  bfeii  obscr\-ccI  and  pho- 
toBrnpliiciilly  ifstablishe*!,'  The  in(leiicndem.-c  nf  these  two  con- 
figtirations  hag,  however,  but  little  to  surprise  us.  For  the  mm- 
icr  whicli  gives  to  the  phcjtosphcrc  its  dfizxling  whiteness,  not 
being  jjascous  and  having,  in  ennsjcquencc.  a  specific  gravity  in 
general  quite  diflcrcnt  from  tbut  of  the  gaseous  stratum  in  which 
its  condensation  took  place,  would  naturally  he  repelled  from 
tbnt  layer  towards  new  ones,  where,  i>rcsening  its  initial  speed 
and  changing  its  angular  velocity,  in  consequence  it  would  come 
to  rest  at  n  surfncc  where  various  circumstances  (espcei^tlly  the 
specific  gravity  of  the  medium),  hnd  given  it  n  stable  position  in 
the  photospbcrc. 

The  indepcndenct  of  the  photosphere,  as  regards  the  stratified 
and  fiiittL-ned  gaseous  layers,  l>eing  explnint-d  in  this  way.  it  is 
clear  Ihm  the  photosphere,  receiving  at  various  latitudes  the  con- 
denscd  matter  from  upper  strntn.  will  in  consequence  rotnte  the 
more  quickly  the  nearer  one  approaches  the«|iiHtor.  It  is  cleflf, 
1  say,  that  the  photosphere  should  have  at  dirtercnl  Intitu<le-s  not 
only  difl'ercni  angular  velocities,  diminishing  toward  the  poles. 
hut  also  a  chemical  composition  which  (in  the  photosphere  ns 
well  as  in  the  atmosphere  which  covers  it)  will  he  the  same  only 
in  two  purallels  equidistant  from  the  H|UHtor /i 

lit  v,in:tltlc  rcil  4l»rti,  lIk  inlcrmitlcrit  »>T)(Urn«itliiiti  nt  m  itccnli.'K  R,  producvA 
oliscvriii);  cl'inrls,  iit  irtu-rrulv.  »\fm  thr  cxinior  rif  ihr  »inr. 

The  thkkrr  ihr.tv  cl'nidi  Itecimtf.  tfur  mnrf  ilttr  *hut  "(T  the  lif;ht  fmm  the  in- 
terh'T  ol  the  nur.  '.bus  prefi-.irinn  the  xvav  fir  a  new  nittximimt  Kar  «■  Mion  iw 
tlic  Slnr  rrnclics  Us  miiiiiiiiiiii,  llic  t»ri(Utt9-«tir>ii  iil  the  mo  It-cull's  FC  witi  liiirc  nt- 
tainrd  n  i^rtniit  limit*  I  lir  inoltH-iil^s  A  nnd  M  vnW  rmvr  licpn  i)>  rciinitr.  tliii« 
prDduciii^'  au  "eruptktn  tie  c/ialear,"  which,  in  (urn,  will  v»tx"''x*^  (1*^  c-IucmI*  of 
the  rniniiiuim.  nml  will  rtsiorc  llie  innximtim  l»y  iipertldK  lo  view  ihc  coiutunLljr 
briltiant  tmit.il  portion  of  thcsiar. 

■  Snichi:  le  SuleU.  I.p.  34ft.  3fl<i;  tl.  [..  4S2  etc.:  Voutift:  TIte  Sun.  p.  17^;  l.nck*J 
yer;  CAcm.'i/Siin.  p. +24;  Snlar Fbysks,y.4^,  Hol'lcn:  Himmetund  Erile.  I,p,  443 J 

♦  I^  thisrxpliinauon  of  ihc  cipifltorinl  iiccrlrnitioii  is  tornvt,  live  crtrtuml  iit- 
niospherr  shtmld  inUc  jiatl  in  ihc  rutntiiiti  ot  the  Sun.  Thi*  prcilitlion  liii»  Iiecn 
<onfirniriI  by  the  obecrvsiions  of  licstaudm  ilurine  the.  enlar  cclrosc  of  Itiih  of 
April,  IrtHS.  In  twi)rt|u»lonAi  regions  of  ihcroronn,  1H0°  ApArt.  he  fonnd  I  he  re- 
in tivc  velocities  in  tht  tine  of  sij;ht  to  he  from  5  to  7  kiii>inctcr»  [jct  second. 

Dnlnndm:  Cvmpt.  /tend..  Mar  Ifi,  IRSn,  nnd  Mainre,  Mar  3G.  1S93. 
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Tbc  niaia  part  of  the  gaseous  mass  of  tlie  Sun  has  not  only  a 
«l]apc  different  Irom  that  ot'  tlie  pliotospbcre,  but  it  rotates  at  a 
different  rate.  For  while  the  main  psrt  of  the  Sun\  muss  ttirrts 
on  its  axis  as  a  wboie,  it  is  only  in  the  doud-likc  photosphere 
thut  tbtrt  extst  those  variohk  Aaffutnr  velocities  dtscovcnd  by 
Carrin^ton.  Here  is  a  (irwlictiim  whicli  the  obscrvnlidns  <tf  Mr.- 
Crcw  have  clearly  confirine<I.  He  has  prnved  by  ineaii!*  of  the 
displacement  uf  the  Fraunhofcr  lines  tUnt  tbc  rate  of  rotation  of 
(he  i  "  -  <\  snlnr  y.is  i*  the  same  hi  all  IntiiuileH,  the  period  be- 

injj  .L,  .  iiiatcly  2ti.2.'t  iJayii.      Wilsing  has  fcaiid  likewise  that 

the  fnculfc  rotates  with  anifomi  anj^ulai  velocity  at  alt  latitudes. 
Since  the  unifiMtiiity  of  that  vnliie  secrns  to  prove  that  tt  is  only 
at  the  {jhiHosiihcric  level  that  there  exist  i)ic»c  anoinaloutif  angu- 
lar Tclocitim,  it  is  remarkable  that  ttic  velocity  deterniined  by 
Wilsin;^  ir*  greater  than  that  ubtainftl  by  Crew.  Very  recently, 
however,  in  rcprating  the  rojcarelK'ft  of  Wilsing,  Bi-'top  )I*ky  has 
found  a  smaller  value  exactly  equal  to  that  of  Crew.* 

Grnntins  thiit  the  mniii  part  of  the  Sun  rf.»late8  as  a  s<i1irl  in 
about  2ti  (Itiy4,  the  t)UCAti*->n  now  cuine!*  up  of  ilctcrmiiiing  the 
different  angular  velocities  in  the  different  xoncs  of  the  photo- 
sphere. These  <liffi:retU  velocities  arc  not  to  be  identified  with 
those  of  spnii.  for  all  juftronomcra  agree  that,  from  time  to  lime 
during  the  whole  life  of  a  spot,  and  especially  when  it  Is  cbanj^ring 
it»  form,  it  makes,  now  and  then,  those  sharp  advances,  leaps,  as 
it  wcrcY  and  these  incidental  acvelcrutions  arc  not  due  to  a  tem- 
porary increase  of  velocity  of  the  photosphere,  which  carries 
them  with  It-  For  a  group  of  splits  nrvcr  showi  a  common  «c- 
Ccleratiori,  but  each  preserves  its  individu.nlity.J  If  we  can  grant 
that  as  long  aa  the  spots  do  not  change  form,  they  have  the  sume 
velocity  as  the  photusphcric  clouds,  then,  whenever  they  do 
change  form,  they  rotate  more  rapidly  tlinii  the  pholosphcrc. 
And  as  the  law  of  C^rrington  and  Spocreris  deduced  only  from 
the  rncio  mottoii  of  spots,  the  rciocttr  nC spots,  such  as  results 
from  thut  hny,  is  grcnicr  than  thttt  of  the  pbotospheriQ  clouds. 

If,  cuusequenlly,  at  a  latitude  of  21*,  the  spots  rotate  in  2i> 
<i  'as  llu-  main  part  of  the  gaseous  mas^  of  the  Sun,  the 

;  lerrc  clouds  will  there  rotate  less  rapidly,  and,  in  order 


.J^fr" 


loicr.yourSc/.,  Sc|)t,  I^Ji'j;  iWf/.  Vol.  35.  p.  150;  WtlsinK  :   I'uhK 
'  -fr.  fitf"tHin    1HKH,     A*tr    Sat^h    "An.  HI 5:1  :  ItclopaUlcy  :    Astr. 

"'  '  •.<•:■         ■   ■   ,   <i  O'^.,'))!  sitiiillcr 

t  VnunH    Thr  Sun.  p.  IIO"    Si.-<viu;  !r  Snir'i'.  X.y.  1*1. 
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to  see  these  clouds  rotating  with  the  yclocily  of  the  body  of  the 
Sun,  they  mnat  he  observed  at  a  lower  latitude. 

My  Ihcori.'  requires  that  this  lower  latitude  lies  l>etwecn  the 
parallels  of  10^  and  15°,  that  is,  in  the  zone  where  the  extended 
observations  of  Carrington  and  Sport-r"  have  shown  that  spobt 
are  produced  most  abundantly.  Now  this  is  a  requirement 
which  1  think  in  accord  with  the  detailed  olracrvations  of  Dun^r. 

Dunfrsoupht,  as  did  Crew,  to  dctemiinc  the  an^nlar  velocity 
of  tlic  absorbing  Inyer  of  the  Sun  by  incHns  of  the  displacement 
of  the  Kraimhofer  tines.  But  he  obtnincd  qnitc  another  result. 
For,  in  pince  of  finding  an  lingular  velocity  everywhere  the  same, 
he  discovered  on  the  contrary,  that  tlic  velocity  diminished  like 
that  of  thespotK,  as  the  latitude  increased. t  At  first  sight,  the 
observations  of  Dun^r  and  Crew  seem  to  contradict  each  other, 
but,  upon  a  closer  examination,  it  is  not  difficult  to  explain  their 
apparent  contradiction.  "All  the  Fraunhofcr  lines," — to  quote 
Young,}  "are  not  due  entirely  or  even  principnlly  to  the  gaseoufl 
layer  situated  above  the  upper  level  of  the  photosphere.  .  .  . 
The  principal  absorption  probably  tnkes  place  in  the  interstices 
between  the  photospheric  clouds,  and  below  the  general  level  of 
their  upper  limit."  Now  it  is  evident  that  in  the  interstices  of 
these  clouds,  the  absorbing  gna  will  have  acquired  the  velocity  of 
theclouds  themselves  and  consecjuently,  the  FraunhoTcr  lints  pro- 
duced by  it  will  indicate  velocities  diminishing  with  latitude. 
Only  those  lines  wbivh  origiantc  above  the  general  level  of  the 
photosphere  cnn  show  the  real  motion  of  the  solar  atmosphere. 
Now  those  were  just  the  lines  which  Crew  measured.  For  no  less 
than  seven  of  them  arc  found  in  the  catalogue  of  273  lines  which 
Young  on  Ml,  Sherman  saw  reversed  on  the  exterior  of  the  pfau- 
tosphere ;  while  this  catalogue  does  not  contain  either  of  the  two 
lines  0301.72  and  6302.72  which  were  the  only  ones  used  by 
I)un^-r. 

There  is  then  no  fJifficalty  in  admitting  that  the  velocities  ob- 
tained by  Dunlr  are  not  tho^ic  of  the  solar  atmosphere,  properly 
so-callvd,  bat  those  of  the  photospheric  layer.  Their  numerical 
values  correspond  completely  with  the  requirements  of  my 
theory.  For  they  show  (1),  that  the  photospheric  strata  ever>'- 
where  rotate  more  slowly  than  the  spots.and  f  2).  that  at  the  lat- 

•  Spocren  foe.  cit.  p.  198;  Carrincton:  RedhillObs.;  S«fhi:  le  Sakfl.  I.  p.  136, 
Tab.  B;  Youne;  Elements  of  Aatmnomy,  \y.  1  211.  One  niiwt  not  cnnfniinil  the  lati- 
tude of  1 1°,  where  8|M(|*  a]i))enr  n|08t  frcqitcntfv  wUti  tlic  mtan  lalituiir  t>f  *\f.>l9. 
at  moxiimim.  W/-,  nbout  \*V^. 

t  Doner  Aatr.  Nach.,  No.  'jyRH.  p.  'J70.     Sitr  la  rtttntion  flu  SmltH. 

t  young:  TbcSan,  p.  33;  Sirhnmn-:  Sp«ctrml ttnatrsr  iter  Gr$timv.  |>.  1D4,  130, 
etc. 


itndeof  11*'  is  found  the  only  parallel  where  the  nnj^Ur  velocity 
of  tlie  phdtospheric  clouds  is  exactly  equul  to  that  of  the  atmos- 
phere which  coYcrs  them.  At  higher  latitudes,  the  photospheric 
clouds  rotate  more  slowly  than  the  uii]>ci'  atmosphere;  at  tower 
latitudes  they  rotnie  faster, 

\n  this  dinercncc  in  velocity  between  the  photo&pheric  clontls 
and  the  ntmospbrrecovertng^  them  should  canse  in  the  HuiM^rfidul 
Inyers  of  the  clouds  cither  an  iicccleration  or  retardation,  it 
would  be  only  at  the  eleventh  panillcl  where  tiie  superticint  Inycrs 
would  not  be  seai  clipping  over  the  deeiwr  layers  like  n  veil. 

In  all  other  pnriiltcls  these  veils  will  he  fornietl,  and  they  will 
slip  the  faster  the  more  they  rcccile  from  the  eleventh  parallel 
towards  the  poles  or  the  equator.  Consequently,  if  the  spots  are 
"holes  in  the  photosphere,  these  holes  will  present  ojienings  which 
arc  larger,  the  nearer  tlicj-  are  to  the  eleventh  parallel.  At  Inti- 
tudes  quite  different  from  11'^  their  oriBccs  will  he  rapidly  closed 
■sit  were  by  n  slidin;^  co^tr.  And  at  latitudes  of  35^  or  more 
this  screen  will  be  already  there  even  lM:rorc  the  spots  have  had 
time  to  develop.  I  have  in  fact  calculated  that  while  this  screen 
at  IS*"  reciuires  not  less  than  19  days  Lo  traverse  the  leiijytli  of  a 
large  spot  (measuring  one  geocentric  minute),  the  screen  at  30"* 
will  cover  such  a  sinit  in  only  four  days.  At  -^5°,  the  time  re- 
quired is  nnl}"  about  two  days.  Now  even  in  the  "tones  royalvs^' 
(where  my  theory  demands  still  other  cniises  Itctter  adapted  to 
the  explanation  of  spots),  any  considerable  spot  requires  several 
days  or  weeks*  for  development,  while  any  spot  oerurring  at 
bij;faer  laiitudes  will  clearly  remaiu  invisible,  or  at  most,  will  ap- 
pear as  one  of  those  "  veiled  spots,"  those  "  cr/iterfs  savs  tache,'* 
or  "rudiments  of  spots"  which  Setchi  and  Trouvelot  have  ob- 
serveil  «U  over  the  surface  of  ;he  Sun.t 

From  the  preceding  considerations,  one  is  led  to  beltcvc  that, 
BO  mntter  how  Rteat  may  he  the  interior  tranquility  itf  the  Sun, 
the  anomalous  ru cation  of  the  phoiospheric  zones  produces  there 
ncvei^bclesa  some  agitation.  But  as  that  agitation  (insensible 
at  the  two  i-Icvcnth  parallels)  takes  places  without  possible 
change  of  tcmi)eralure,  it  rciimins  localized  in  the  photosphcric 
level  where  it  is  produced,  and  can  disturb  the  solar  gas  only  in 
"the  immedi;ile  neighborhood  of  the  photosphcric  layer. 

I^'i  as  now  sec  how  in  our  tranquil  Sun  there  arc  heat  erup- 
tions which  hollow  out  the  photosphcric  spots  and  there  kindle 
the  prominences  and  the  coronal  rays. 

'  Vmins  T/w.s"i.fl,  p.  0+:  Stcchi:  le SokH.  I  p.  60;  Pernr.  Lockycr'c  Vhem- 
barr  qCSoo,  p.  tOft. 

t  Tronvriot:  Amtr.  Joar.Sei.,  March,  1876;  Sevchi:  Ic  Sohil.  I.  p.  113,  58; 
YofuiK.  iJcoent  Aatroaomf,  p.  Ift9. 


Explanation  of  tith  Spots  and  FAcn..«. 

The  s]jots  fire  holes  in  the  cIotnIy  photosplieric  layer,  chnnnel( 
oat  in  a  place  wUcu  the  coinbiiiHliuii  of  previously  cli»»ocUil« 
molecalcs  produces  there  an  "eroplion  of  beat."  This  heat  will 
tlicii  cause  a  local  vaporixatlou  of  tht*  cloutly  condensed  inutu-r 
and  will  thus  ]>roduce  a  hole,  which  will  be  stcn  as  an  obscure 
apot.  not  only  because  the  cloudy  matter,  wliich  was  tlicre  Ihc 
sole  stmrce  of  white  light,  will  have  disappeared,  but  also  bcc.iusc 
this  matter,  without,  liowever,  cliangiujj;  in  teni[xTaliirc,  will 
tlicti  lie  transformed  into  a  considerable  mass  of  absorbing  gufi, 
which  will  prevent  the  light  from  the  deeper  and  hotter  layers 
from  rcnching  us.  This  luminous  absorption  ui  the  spot  cavity 
"will  produce,  however,  only  a  relative  obscurity.  For  the  while 
brillinncy  of  the  deeper  layers  is  so  intense  that  nfter  the  absorp- 
tion above  described  it  is  still,  even  In  the  darkest  part  of  the 
spots,  more  dazzling  than  the  Drummond  light.' 

If  such  is  the  condition  of  the  sjjots  in  our  trant|uil  Sun,  their 
temperature  must  be  equal  to  that  of  the  adjacent  photosphere. 
1  am  well  aware  that  MM.  Henry.  Secchi,  Sporer  and  Langlcy 
have  observed  that  the  spots  emit  less  heat  than  the  other  parts 
of  the  photosphere,  but  this  by  no  means  proves  that  they  have 
a  lower  temperature.  I  see  there  merely  the  very  simple  effect  of 
a  smaller  emissive  power.  And  this  emissive  power  musit  be 
smaller,  tor  nt  a  given  temperature  a  gas  emits  Icjw  heat  than  a 
cloud  of  condensed  particles.  It  is  for  the  same  reason  that  the 
flame  of  illuminating  gas  diminishes  perceptibly  in  emissive  power 
if  it  is  converted  into  a  Uunseii  tlanie  by  introducing  air.  ThiH 
flnme.  although  incivasing  in  temperature,  diminishes  very  sensi- 
bly in  radiating  pejwer,  as  may  I>e  jMirceived  by  the  hand  held  at 
Q  short  distance. +  .\nd  if  the  spectra  of  spots  show  un  increat 
in  the  intensity  of  several  absorption  lines,  this  does  uot  demon- 
strate that  the  temperature  has  been  lowered,  for  such  an  increase 
in  intensity  will  be  observed  if,  the  temperature  remaining  un- 
changed, the  absorbing  gas  is  (as  my  theory  requires)  greatly 
increased  in  mass. 

The  spots  are  thus  in  the  photosphere  what  pools  of  water  arc 
in  a  layer  of  melting  ice.  This  water,  though  formed  by  beat. 
does  not  differ  in  temperature  from  the  surrounding  ice.     In  the 

'  Voons:  Tftc  Sun.  p.  125;  Lrverrirr:   Conipt.  rrnd.,  8th  Feb.,  1(169.  p.  319. 
t  Tyutlull:  Hcaiu  Alotk  of  Motion,  p.  498. 
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spots  and  the  other  parts  of  the  photosphere  there  are  thus  only 
differences  of  latent  heat,  which  consequently  leave  the  masses  in 
relative  repose. 

The  photospheric  matter,  when  vaporizing  to  form  a  spot, 
while  not  changing  in  temperature,  increases  very  considerably  in 
volume.  It  win  thus  cause  a  pressure,  which  while  aiding  to  ren- 
der the  spot  conical,  on  account  of  the  less  resistance  of  the  upper 
level,  must  crowd  back  the  surrounding  clouds  and  will  give  rise  . 
to  the  increase  of  level  and  brightness  which  is  ordinarily  ob- 
served in  the  edge  of  a  spot?  For  this  reason  aspot  without  fac- 
ulfe  is  as  rarely  found  as  a  terrestrial  valley  without  neighboring 
hills.  This  increase  of  level  will  moreover,  be  more  marked  on 
the  side  where  the  spot  is  moved  by  the  rotation  of  the  Sun  than 
on  the  opposite  side;  /or  the  motion  of  the  expanding  gas  being 
on  the  first-mentioned  side  contrary  to  the  rotary  motion,  must 
produce  there  a  stronger  compression.  Does  not  the  observa- 
tion of  Warren  de  la  Rue,  that,  in  general,  the  spots  which  are 
seen  on  the  eastern  side  of  the  solar  disk  seem  larger  than  those 
which  a[y>ear  on  the  opposite  side,  find  a  simple  explanation  in 
this  crowding  of  the  eastern  edge  of  the  spot  ?  We  also  know 
that  the  photographic  negatives  obtained  at  Kew  by  MM.  de  la 
Rue,  B.  Stewart  and  Loewy  have  rendered  evident  this  greater 
developement  of  the  facula;  on  the  following  side  of  the  spot, 
where  they  sometimes  even  form  veritable  tails  of  faculx.* 

If  my  theory  of  the  spots  easily  explains  the  formation  of  the 
faculie  which  surround  them  it  also  accounts  for  the  faculjE  which 
seem  to  precede  them,  and  which,  studied  especially  by  Secchi, 
Spoerer  and  quite  recently  by  Mr.  Sidgreaves,  may  be  considered 
as  precursory  facuIeeA  Such  faciilas  will  be  formed  (1)  by  the  rais- 
ing of  the  level,  which  must  be  caused  in  the  upper  photospheric 
layers  by  every  formation  of  gas  in  the  deeper  layers ;  (2)  by  an 
increase  in  a  given  place  of  the  condensation  in  the  adjoining 
chromospheric  and  photospheric  layers,  a  condensation  which  ac- 
cording to  my  theory  is  necessary  to  prepare  for  a  future  "erup- 
tion of  heat."  Such  also  seems  to  be  the  origin  of  the  facular 
net-work  which  Mr.  Hale  has  discovered.? 

•  R.  Stewart:  Proc,  Roy.  Sue,  13  p.  168;  Se^clii :  /c  Soleil  I.  p.  ir>r>;  He  la 
Kuc.  n.  Stfwart  and  Litwy:    Proc.  Hoy  Soc.  14  p.  39. 

+  Samter:  Himinel  u-  Brde,  I,  p.  -ti;  Sidgreaves:  Monthly  Notices.  Dec.  1S91; 
Mever:  Die  Kimier  der  Sonne,  1891.  p.  15;  Sulgrcavcs:  Astronomv  and  Astro- 
physics, 1892,  p.  212. 

t  The  facul:e  which  according  to  Professor  Hale  cover  the  entire  plidtospherc 
would  apfiear  to  be  prominences  in  process  oC  fonnnlion,  ;.  c  prominences  which 
arc  still  white,  such  as  one  sees  during  an  eclipse.  Concerning  these  white  promi- 
nencca  we  shall  have  something  to  sav  in  the  following  section.  Hale:  Astronomy 
and  Astro-Physics,  1892,  p.  4lfi. 


My  theory  alsu  explains  the  various  motions  shown  by  the 
spots.  Tbvy  owe  their  difforcnt  an^ulflr  velocities  in  different  lat- 
itudes to  the  cloudy  zones  in  which  they  are  boruc.  If  they  fre- 
quently move  a  little  more  rapidly  thnn  these  clouds  it  is  becauite 
the  ffas,  which  in  the  jcrowing  spot  pushes  liiick  the  matter  of 
Ibe  photosphere,  must  move  particularly  toward  the  siiic  where 
the  resistance  is  least.  Now  as  this  side  is  that  of  the  foremost 
edgt;  of  the  spot  "  evcni*  time  a  spot  undergoes  sudden  changes  it 
ortiiitari/y  mlvances  on  the  solar  siirihce  by  mnkiag  a  sort  of 
leap.'**  This  leap  will  also  take  place  when,  as  the  gaseous  con- 
tents of  a  spot  are  recondensing,  the  vacuum  thus  produced  will 
draw  in  again  the  surrounding  photospheric  matter.  Porthis 
matter  rushing  in,  preferably  on  the  side  where  it  already  moves 
in  the  direction  of  suction,  will  fill  up  the  sp()t  from  behind,  once 
more  jiving  to  its  center  a  sudden  acceleration. 

It  will  be  seen  likewise  that  the  centrifugal  motion  impress- 
ed on  the  matter  at  llie  center  of  a  nascent  8i>ot  cannot  remain 
rectilinear,  but  thai.  bcir)g  qnickly  retarded  it  will  deviate  into 
Spirals  as  soon  as  it  has  been  conducted  by  this  movenieut  into 
tones  of  new  velocities.  That  is  why  the  spots  show  spiral  forms 
without  nclual  rotation.  If  this  explanation  is  correct,  tlic  spi- 
rals will  be  seen  moat  strongly  curved  at  the  posterior  side  of  the 
spot.f  at  the  northern  and  southern  sides  of  the  same  spot  these 
spirnls  should  Ikt  curved  in  opposite  directions,^  and  spirals  will 
be  observed  especially  in  spots  which  have  just  finished  their 
growth  or  those  on  the  point  of  disappearing. S  For  if  the  pho- 
tospheric  clouds,  where  dispersed  by  the  vapor  produced  at  the 
center  of  a  nascent  spot,  arc  spun  into  spirals,  they  will  also  re- 
turn into  spirals  when  the  vapor. condensed  anew, shall  have  pro- 
duced a  partial  vacuum  into  which  the  photosphcric  matter  will 
rush  from  all  sides. 

As  to  the  ntotioii  of  the  spots  in  iatitadc.  it  is  a  i-cauirkable  co- 
incidence that  this  movement  changes  sign  in  the  same  parallel  of 
about  11°, II  where— according  to  my  theory— the  diffcrcace  in  ve- 
locity between  the  photosphcric  zones  and  their  atmosphere 
changes  sign  also;  it  is,  1  soy,  this  remarkable  coincidence  wliich 
I  think  has  put  me  on  the  road  to  a  plausible  explanation.  This 
explanation,  however,  needs  a  lengthy  development  and  can  not 
be  summarized  here. 

'  YoanB;  The Saa;  p.  lUl;  Secchi;  Jr  Soteil.  I,  p.  l-tl. 
t  SM-eg,  +3  in  Scwiii'a/rSo/cty,  I,  i»,88. 
I  Yooiii-:  The  Sun.  |>.  07. 
5  ScnhvhSofcii  I.p.KS. 
I  Curriiiffton:  Ohs.  o{  the  Spota  of  the  Sun;  Secchi:  Ic  Solcif.  I.  ji.  lai;  Vonng: 
Tbr  Suo,  p.   1 10;  Sifocitr;  fubl.  Asir.  Ufuf.  f'otsdam,  IV,  +.  p.  -US. 


Tbe  separatha  of  spots  into  definite  zooes  has  alrendy  been 
briefly  i?xpliiinecl  in  the  section  preceding.  1  have  there  explained 
what,  according  to  my  theory,  is  the  principal  caasc  of  that  dis- 
tribution. But  my  theon,'  rw|uires  several  other  causes  which 
have  been  developed  at  Icnf^h  in  my  above  mentioned  memoir. 

Tbe  change  in  Uie  spectra  of  spots  which  L<K:kycr  has  discover- 
ed, namely,  that  at  the  a[>]>ruach  of  a  minimum  they  show  more 
nnd  more  di.<ttinctly  the  well-kuown  lines  of  tlie  terrestrial  metals,* 
is,  in  reality  foreseen  from  the  diminuLion  in  latitude  which  they 
then  show.  Kor  the  phoujsplieric  zones  where  the  sj>ots  arc  hol- 
lowed out  flont  in  the  equatorial  enlargement  of  the  solar  gns, 
ami  conswiucntly  contain  the  principal  metnls  which,  in  virtue  of 
their  s|K:citic  prarity,  at  Iiiplier  latitudes  remain  buried  in  the 
depths.  In  comparing  (1)  the  table  in  which  I.<K'kyer  has  so 
clearly  shown  that  1871*  to  IKKO  there  were  sudden  appearances 
of  new  lines,  and  (2)  the  table  tii  wlitcli  Spoerer  has  also  rcry 
plainly  show^n  that  in  the  same  years  the  spots  also  completely 
changed  changed  in  lntitHiie,t  it  is  immediately  seen  that,  these 
twnsimnltaneons  changes  are  precisely  what  my  theory  demands. 

My  explanation  of  the  periodicity  in  the  nundier  of  spots  can 
be  epitomixcd  ns  follows ;  while  in  the  pbotospheric  gas  the  tnole- 
cole*  R,  considered  almvc,  arcsttll  very  nnmeroiis,  there  ninst  be 
an  exceptional  combination  of  favorable  circumstances  for  the 
molecules  A  and  B  to  he  able  tn  produce  n  ''heat  eruption"  of 
any  account.  That  is  the  minimum  period.  But  when  after  a  long 
continued  condensation  of  the  molecules  R,  which  are  in  the  neigh- 
borhood of  the  photosphere  layer,  the  molecules  A  and  B,  at  first 
being  much  scattered,  cense  to  be  sufficiently  separated  and  com- 
nicoce  in  turn  an  active  combination.  Then  comes  the  period  of 
incessant  heat  eruptions  and  the  maximum  jicriod. 

The  molecules  A  and  B  by  reason  of  this  combination  may  lose 
the  energy  which  they  have;  but  other  molecules,  A'  and  B*,  etc., 
will  replace  them  perhaps.  But  tbese  in  turn  will  exhaust  them- 
eIvcs.  Thus  new  spots  will  ever  succeed  one  another  without 
ition,  and  we  would  wait  in  vain  for  a  return  of  the  mini, 
itim  period  were  there  not  in  the  photosphcric  layers  molecules, 
P  and  Q,  with  a  stronger  airmity,  which  await  only  condensation 
and  rapid  efiacement  of  the  molecules  still  separating  them,  to 

*  tockjrvn  C&roi.  of  Sao.  p.  313-335. 

1  Locl^r:  /iw.  dt,  pp.  318.  .TJ.'i,    The  perfect  agrwmmi  twtwecn  the  obscr* 


TiitioB*  of  I.ackjcr  and  Ihc  prcjlittitm*  t>(  ray  ibcorv  give  »triinf{  sunpijrt  to  the 

incj^iuwDus  Uiycrs  tiave  CHrvolure*  difTcrCTil  frvm  lliat  of 

tlK-  photosphrrc.     If  this  tiypotbcsis  Ik  correct  thw  gag  xhoulil  hnvc,  in  each  lati- 


kitM^c,  •diflrintt  chemical  coDStitation.    It  in  for  tbw  rcmon  that  the  ciiuatoria] 
Its  aail  prommcnccs  efaow  so  mnny  metallic  lino. 
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produce  in  turn  thinr  heat  craptions.  These  eruptions  tire  tbcn 
powerful  agentis  nf  drstructiun  tu  the  umlecules  Alt  acwly  furitied 
and  restore  as  mueh  as  possible  to  its  rormer  state  the  composi- 
tion which  existed  at  the  preceding  uilnimuni. 

]r  tills  is  a  correct  explanation,  the  periodicity  of  the  spota  de- 
pends in  the  first  place  on  the  molecules  F  -h  (j  +  A  +  B  -+-  R,  of 
which  tlic  photospheric  matter  which  produces  the  spots  is  com- 
posed. But  us  this  mutter  lias,  according;  to  my  thcor)*,  at  cnch 
latitude  a  somewhat  difl'erent  composition,  the  8i>ots  also  should 
have  jlI  each  latitude  a  somewhat  dilVercnt  ijcriod.  This  is  a  con- 
clusion which  tliu  oUservations  of  Spiirer  ha%'c  perfectly  con- 
firmed. It  is  only  necessary  to  consult  the  tables  which  SpOrcr 
has  published  showing  the  relation  between  the  frequtncy  of 
spots  and  their  respective  latitudes  during  the  ten  epochs  into 
which  he  has  diviiled  each  eleven-year  period.*  These  tables 
show  very  clearly  that  when  tlic  maximum  occurs  at  IC^,  the 
maximum  at  30'^'  has  already  taken  place  two  years  previously, 
while  that  at  5*^  takes  place  two  or  three  years  later.  Tliey 
show  in  addition  that  the  variations  in  the  dilTcrent  Unral  activ- 
ities ditfer  not  only  in  phase,  but  also  tn  atnptiLude  and  duration. 

If  we  speak  nevertlieless  of  a  periodicity  in  general  of  the  solar 
activity,  that  periodicity  has  no  reference  to  any  activity  tjf  the 
soiar  mass  as  a  whole,  but  is  simply  the  resultant  of  all  the  local 
activities  of  different  phases  producing  in  the  total  auaiher  of 
spots,  a  maximum  wlien  their  mean  latitude  is  about  IS*^.  The 
moat  of  the  faculoe,  ei~uptive  protuberances,  and  coronal  rays 
being,  as  we  shall  presently  see,  the  e^ct  of  pre-existiag  spots. 
When  the  Sun  has  a  maximum  of  spots,  it  will  evidently  have  at 
the  same  time  a  maximum  of  all  those  otlter  marks  of  its 
activity. 


Explanation  of  the  Prowinb.xces. 

The  prominences  are  the  transient  "lumincaccncea"  at  a  place 
where  in  the  qaict  atmosphere  of  the  Snn,  elements  hitherto  dis- 
sociated are  combining  in  proportion  as  their  continnal  loss  of 
heat  makes  this  possible. 

In  order  to  mukc  clear  jnst  how  tlte  diverse  phenomena  which 
these  prominences  present  completely  agree  with  the  above  defi- 
nition, I  must  recall  that  if  the  elements  \  an<]  li  arc  combining 
in  the  prominences,  that  combination  will  take  place  only  when 

*  Spoercr.  toe.  cit..  p.  41L-416. 
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tbc  cuoliqg  ahnll  have  sufficiently  condciisnl  the  molecules  R 
wliich^parate  them;  and  llmt,  this  cumbiiiation  having  taken 
place,  tbe  "heat  eruption"  then  produced  wilt  scpfirate  anew  the 
niQln:uIes  R,  recently  cundeiised,  and  give  them  again  the  power 
of  hindering  the  combiuation  of  the  rest  of  the  molecules  A  nnd 


If  such  is  the  chemical  process  which  causes  the  prominences, 
tbey  should  then  show  interniittvnt  condensations.  X()W  this  is 
a  requirement  of  theory  corresponilinK.  in  fact,  to  observations. 
For  in  olwerving  j)roiiiincnces  during  an  eclipse,  some  of  them  ap- 
IKrarto  be  mode  up  of  a  white,  dust-like  matcriol  with  a  continu* 
ouB  spectrum,  .\nion};  the  white  prominences  which  are  then 
seen,  there  are  some  which  the  spectroscope  completely  fails  to 
show,  and  chat  part  of  the  ordinary  prominences  wliieh  the  .spcc- 
troHCOpe  tlocK  sliow  as  is.  eo  to  »peuk,  only  the  skeleton.  The 
white  proniinenceH  have  alreinly  been  observed  liy  Litirow,  Car- 
rington  and  Liais,  who  have  also  commenled  upon  its  Heeling 
character.  It  has  esiJcciiilly  been  studied  by  Taechiui  and  Hand- 
rikof  (Vugnst,  1HH7).  Swift  also  made  a  careful  study  of  itdnr- 
iugthcedipsc  of  Jan.  I,  1889* 

There  nrc  I>e8idcs  many  other  phenomena  which  prove  that,  in 
ihcsolaratniosphere,  these  ititermittent  flashes  of  a  white  mat- 
ter arc  not  at  all  rare.  1  will  cite  here  only  (1st)  the  "viulcs 
roses"  which  Secchi  has  observetl  in  the  interior  of  spots  and 
which  are,  no  dnnbt,  caused,  as  he  thinks,  by  the  visi'bh  trunst'ur- 
auitiott  of  a  while  prcexi'steat  matter;f  and  (2nd),  the  faculee 
which  Hale,  by  the  use  of  his  spectroheliograph,  has  seen  to  cover 
m  27  minutes  the  spot  of  Jidy  15.  lS91i,  facula;  which  an  hour 
Inter,  had  completely  disappeared.! 

If  the  white  glow  of  the  prominences  (and  above  all  its  inter- 
mittent character)  can  be  considered  as  a  striking  verificfl tioii  of 
my  theory,  their  rout-  or  peach-blossom  color  it>  nut  nnpredtcted. 

■  Taccbiitt :  R^t 
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For  such  a  glow  should  result  in  the  combination  of  the  molr- 
cult'S  A  ajid  B,  and  is  in  consctjuencc  a  "chemical  lumindloence." 
precisely  like  that  with  which  Wiedemann,  K.  v.  IIclmholtz,W.  H. 
JuIiuN  and  Tringi^heini  have  made  lis  familiar.  It  was  previously 
believed  that  the  brightness  of  a  flame  was  principally  due  to  its 
temperature.  Dut  it  has  t>ecn  recently  demonstrated  that  thttti 
brightness  results  rather  from  the  chemical  processes  which  take 
place  in  the  ttame.  According  to  the  very  recent  resc.'irchcH  of| 
Pringsheim  and  the  earlier  work  uf  W.  Siemens,  the  importojicc 
of  those  chemical  jiroccsscs  would  even  be  so  great  that  without 
them  the  incandescent  gases  would  nut  emit  any  light  at  all.* 
Now  if  the  same gns  at  a  constant  temperature  wit)  or  will  not! 
produce  spectral  lines,  according  ns  it  is  the  sent  of  «  certain 
chemical  process  or  not.  ]  rccoxni^ic  in  this  n  beautiful  contirma- 
tioM  of  my  theory  of  prominences,  and  the  defmite  solution  of  a 
difTiculty  which  I  found  it  impossible  to  solve  when,  in  1888, 1 
published  my  theory  for  the  first  time,— the  dtlHcuIly  of  eicplain- 
ing  how  it  could  be  possible  for  the  fjromtaences  to  be  more  turn- 
inons  than  the  surrounding  parts  of  the  solar  nimosphere  with- 
out being  hatter.  I^t  us  now  explain  why  the  prominetices 
which  are  kindled  in  the  region  of  the  spots,  have  so  often  the  up- 
pearance  of  eruptions  aud  enormous  vejocities.  These  pecultnri- 
ties  are  easily  explained  if  we  reflect  ttiat  the  spots  emit  less  heat 
than  dues  the  photospheric  matter  which  encompasses  them  and 
that,  as  a  result,  in  tliose  places  above  a  spot,  the  radiation  of 
the  Sun  will  cause  a  greater  loss  of  heat  than  elsewhere  where 
that  toss  is  more  effectually  prevented  by  the  heat  which  is  there 
radiated  more  abundantly  from  the  undisturbed  photosphere. 
Now  as  eveiy  prominence  is  the  effect  of  a  chemical  combination, 
which  can  be  caused  only  by  a  loss  of  hcnt,  it  is  evident  that  aJl 
places  above  a  spot  will  be,  ceteris  paribus,  much  more  in  posi- 
tion to  form  a  prominence  than  neighboring  localities.  If  then 
that  prominence  is  produced  it  will  have  the  deceptive  appear- 
ance of  an  illuminated  sheaf  shooting  out  from  a  hole. 

If  the  luminous  displacements  which  these  prominences  exhibit 
often  have  great  v^ocities,  it  is  because  they  are  suddenly  caused 
by  a  cooling  whicli  is  i)ropagated  with  the  enormous  velocity  of' 
heat  radiation.  In  the  explosive  mixtures  which  are  burned  in 
our  laboratoriesf  the  chemical  action  is  propogated  in  quite 
another  manner.  This  propagation  is  relatively  slow  l>ccause  all 
parts  of  the  comparatively  cold   mixture  must  be  successively 

•  See  note  of  scctloa  2- 

t  A.  M.  Gierke:  Knowledge,  P«b.,  1S»3,  p-  29- 


kiadled  and  heated  by  the  contiguotis  parts  Already  in  combus- 
tion. In  ilie  prominences  then-  is  nbsolutcly  nothing  of  this  kind. 
The  chemical  proccsflcs  there  rio  not  rct|uire  any  considcrnltk 
heating  of  n  cold  f^nsf,  but  an  infinitesimal  cooIing^  of  a  gns  al- 
ready Inghly  heated.  Xow  it  is  evident  that,  starting  from  n 
nn&cent  spot  this  innnilcsimnl  coohiiK  should  propogatc  itself 
with  the  velocity  of  nidinni  hent. 

If,  however,  the  displacements  of  the  himinons  state  never  ul- 
luin  that  great  veltK'ity.  it  is  liecaune  (as  I  have  explained  almve) 
it  is  impossible,  in  a  gaseous  mixture  as  vaporcius  and  as  compli- 
cateil  as  the  solar  gas,  that  the  dissociated  matter  A  -i-  R  can  be 
olwnya  ready  for  eomlnnation  at  the  least  fall  in  tctiiperature.  It 
is  tJie  condensation  of  the  mtdccules  R,  Vi'hich  in  taking  more  or 
less  time,  so  greatly  dimintsJics  tlic  veltK'ity  of  the  luminous  dis- 
placement and  alao  causes  in  the  prominences  those  qiiccr  acceler- 
ations and  retanlntions  so  often  ol>servcd. 

There  is  no  velocity,  however  small  or  great,  which  my  theory 
dues  not  provide  for.  It  is  only  when  this  speed  surpasses  that 
of  heat  radiation  that  it  Incomes  inexplicable. 

It  is  clear,  moreover,  that  in  virtue  of  the  difference  in  angular 
velocity  between  a  spot  and  the  atmosphere  which  covers  it,  new 
prominences  of  the  same  spot  will  be  constantly  produced  in  the 
changing  aimoKpheric  mo»8  which,  for  the  time  being,  overlies  the 
tpot.  As  the  production  of  prominences  requires  some  time,  it  is 
easily  seen.  1st,  why  apots  oilea  appear  ntar  an  eruptive  promi- 
nence' and  2d,  why,  above  the  spots  observed  near  the  limb, 
"eruptive  prominences  nre  sometimes  seen  to  renew  themselves 
Mtier  intervals  of  5  or  G  hours,  and  to  flame  out  on  one  side  and 
be  extinguished  on  the  olher,"t 

But.  someone  may  soy,  if  all  the  prominences  arc  merely  dccep- 

■tivc  appearances,  why  is  it  then  that  we  find  metnkt  at  the  liases 

of  some  of  them  and  not  at  otheni?    To  this  I  reply  that,  by 

venson  of  the  slight  flattening  of  the  solar  stratified  layers.  Che 

cqnatorinl  atmosphere    ought  'to  contain,   at    its  base,  metals 

which  at  higher  latitudes  will  always  rctnain  buried  in  the  dqiths 

of  the  photosphere.     Now  as  the  prominences  nrc  always  of  the 

•inme  material  us  the  tmnqail  stratiRed  atmosphere  which  they 

at  times  illuminate,  clearly  those  metals  will  be  seen  in  them  only 

when  they  rise  in  the  deepest  layers  of  the  equatorial  itones.    And 

U  it  is  only  the  eruptive  prominences  which   rise  from   below, 

tbey  arc  ajso  the  only  ones  to  show  ns  these  mctala.    Their 

•  SeccW :  k  SohH.  II  p.  177. 
t  Secdu :  /.  c.  p.  4C. 


bei)i;lit  will  in  ibis  region  moreover  count  for  nolb'mg.  Even  at 
the  least  bciglil  tlie  equatorial  proniinenccs  will  alwayn  W  me- 
tallic. It  ia,  accordiug  lo  Stcchi,  ordiuarily  siuall  cniptiuiis 
which  are  remarkable  for  their  richucss  in  inetuUic  vuporv.* 

1  do  not  wish  to  finish  with  the  prom iueiices  without  lirst  say- 
ing a  w*ord  about  the  ■.lisplaceiiicut  whi^.-b  tlieir!i|>cL-trulliii«tuftcn 
show.  This  displacement  is  always  interpreted  as  If  it  certaiol^r 
demonslralcfl  that  we  are  dealing  with  real  motions  and  not 
with  a  simple  change  of  position  of  luminons  form.  But  that 
certainly  does  not  exist,  For  it  has  never  been  proved  that  that 
interpretation  generally  adoptc*!  is  the  only  one  possible.  It  is 
not  that  I  doubt  in  the  least  the  entire  truth  of  Doppler's  ]>rin- 
ciple.  That  truth  is  de&aitely  estnblished ;  for  Huggins,  Zolluer, 
V'ogel.  liustings,  Young,  I-augley,  Cornu,  Crew  and  iJuner  have 
clearly  proved  that  the  rotation  of  the  Sun  really  causes  the  re- 
t)uired  displacement  of  the  lines. 

But  this  ilisplncenient  of  lines  so  well  estabtished  when  lumin- 
ous matter  i»  displaced  does  not  at  all  prove,  and  never  can,  that 
a  similar  displacement  of  lines  cannot  also  be  caused  in  an  en- 
tirely dlRcrent  manner  and  in  a  way,  for  example,  such  as  that 
which  my  theory  calls  for. 

If  the  well  established  displacement  of  lines  when  luniinous 
matter  is  displaced,  were  a  phenomenon  easy  of  description 
and  explanation,, one  would  hardly  dare  to  ofler  any  interpreta- 
tion other  that!  tliat  ordinarily  given.  But  that  complete  explan- 
ation has  never  been  given, and  in  fact  to  give  one  averyclear  idea 
of  the  phenomenon  it  is  necessary  to  know,  first,  the  motion  in 
the  source  of  light  which  produces  the  waves  in  the  ether;  sec- 
ond, what,  on  the  other  hand,  is  the  inHuence  of  the  waves  of 
ether  upon  the  vibratory  movement  of  the  luminous  atoms,  and, 
tbirO,  in  what  manner  the  individual  vibrations  of  the  atoms  in- 
terfere to  produce  waves  of  determinate  phase. 

Now  all  these  details  are  still  very  mysterious.  So  long  as  one 
docs  not  understand  them,  he -cannot  have  the  least  certainty 
that  a  displacement  of  the  lines  is  not  produced  just  as  well  by 
the  luminous  propagation  of  a  chemical  synthesis  in  the  tranquil 
matter  as  by  the  transport  of  the  luminous  matter  itself. 

//j  as  a  result,  the  study  of  prominences  proves  that  it  is  im- 
possible for  tbeir  motions  to  be  real,  the  displacement  of  their 
lines  will  not  prove  that  the  impossible  is  true  nevertheless.t    Zrt 

^~S«:clii:  I.  c.  p.  1+9;  IVnyi:  Pulil.  (iett  Haynnld  aha.  1893.  pp.   13.  22. 

t  My  new  inicrprrlation  of  the  (]iM])lttC(Miirat  of  tlie  tinet  «t  once  receiTed  • 
fiiTarahic  review  iit  the  luuidji  of  Mr.  Powler,  who,  ia  Nature,  2list  Morch,  18S9, 
*ayN  expressly  tlint  he  sees  no  renaon  to  differ  horn  me  in  this  new  explajtadoa. 


no  ooe  imagine,  however,  that  in  thus  estebUsbiag  my  theory,  1 
ivc  hail  to  sacrifice  Dopplcr's  principle."    U  is  not  the  principle 

tself  which  1  attack,  but  only  its  common  interpretation  which 
has  never  been  demonstrated.    For  if  Jt  is  proved  thnt  a  displacc- 

icnt  of  the  luminous  source  causes  a  displacement  of  tines,  it 
Iocs  not  at  all  follow  that,  conversely,  each  displaccaient  of  lines 
is  necessHrilj  brought  about  in  the  same  manner.  Conscc|ticntly  I 
sacrifice  only  an  unproved  assertion.  Now  it  seems  to  me  thnt 
ray  theory,  so  full  of  plausible  explanations,  is  well  worth  so  in- 
sij^tifieaut  a  Bncrifice. 

§6. 

ExriJiNATIOK  OF  THE  COHONA. 

The  brilliant  filatneiits,  the  rays,  the  streamers  and  the  nheels 
of  white  light  at  the  limb  of  the  eclipsed  Sun  forming  on  aureole  of 
Bght  to  which  we  have  given  the  name  corona,  arise  at  those 
)lacvs  in  tlie  gaseous  envelope  of  the  Sun  w^here  a  continual  loss 
of  heat  causes  the  condensation  of  a  cloudy  mist.  This  mist  is 
incandescent  and  emits  a  white  light  with  continuous  spectrum, 
but  as  it  reflecLs  also  the  light  of  the  photosphere,  the  resulting 
light  is  more  or  less  polarized  and  shows  the  dark  lin^  of 
Fnmnhofer.  The  coronal  gas  where  this  mist  is  condensed  is 
jjjnized  by  its  bright  lines  even  in  the  darkest  clefts.  It  rotates 
on  its  axis  jnst  like  the  rest  of  the  Sun.f 

It  is  clear  again  that  the  misty  matter  will  by  preference  form 
in  the  places  where  the  heat  is  least  intense.    Such  jilaces  ore  al- 
rays  found  immediately  over  a  spot,  since  the  gas  with  which 
""the  cavity  of  the  spot  is  filled,  althongh  at  the  same  tem[ierature 
a&  that  of  the  photosphere,  has  vastly  smaller  craisssive  power. 
It  is  then  cosy  to  nnderstand  why,  during  a  maximnm  period  of 
^^Kits,  the  coronal  rays  take  their  rise  especially  from  the  zones 
.'here  the  spots  most  abound  and  thus  give  to  the  corona  that 
characteristic  form  of  a  star  with  four  rays.    If  these  four  rays 
^•ecm  to  originate  in  a  latitude  greater  than  that  of  the  spots, 
\t  is  only  because  we  sec  tlicm  indistinctly  projected  upon  the  sur- 
face of  the  sky.    The  latitude  from  whicli  a  ray  appears  to  eman- 
latc  is  not  necessarily  that  towards  which  this  ray   is   really 
[directed.    The  polar  zone,  for  example,  tnight  be  completely  fret 

le  ntvDtljr  FUcan  Ims  g^^'v^  *^"  Rnothrr  Intcrprrtfttion  to  the  riiRtitncctnait  of 
'  tincH.   \i\*  hrpothcsiB  rneiablcs  mine  in  thnt  it  docc  Dol  require  high  vdodties 
lof  the  luntrnou*  timltcr.    Fizeaii:  C  R.  7th  Sr[it.,  1((91;  Aitronomj  and  Astro- 
Fbxtk:lii'J3.y.\2G. 

*  Kocbrr  Ilirnaxl  a.  Brde,  April,  1S9S.  p.  345. 
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from  corona)  atrcaniers.  and  jet  one  would  still  see  there  pro- 
jetted  the  rays  produced  iu  the  region  of  the  spots. 

This  explanation  of  ilie  square,  crucifonii.  corona  [an  cxpIaDtt- 
tion  which  1  have  already  clearly  outlined  in  ItiSB  in  ntj  first 
*' Essni  tVunc  Thcorie  tlu  SoJdl"]*  is  identical  with  that  whicli 
Schaebcric  proposed  later  on  as  a  result  of  obttervationv  [n«d« 
dnriag  the  eclipse  of  Dec.  32,  ISSd.f  Schalxrlc  has  reached  tbc 
couclusiun— which  i^  mine  qIho — that  the  coroitn  is  made  np  q( 
ravfi  of  luMtinous  iiiatier  projected  from  the  Kpot-zoncs.  By 
sticking  needles  into  the  corresponding  zones  of  a  ball,  Scbneberle 
hap  made  a  model  which  reproduces  many  of  the  diverse  api>ear- 
anccs  piescnied  by  the  corona.  According  to  hinit  Lhe  corona  of 
April  10  last  corresponded  perfectly  to  the  reciuiretnents  of  his 
theory  ;  it  quite  resembled  the  ligiire  which  he  had  predicted^ 
But  if  the  corona  of  April  16  i)erfectly  agreed  with  the  r<»rm  pre- 
dicted by  Schaeberle,  it  agreed  also  with  mine. 

Since,  nccnrdiug  to  Si-haelMTle.  the  corona  is  neither  more  nor 
less  tlian  matter  ejected  through  the  spots  (holes  in  the  photn- 
uphere)  he  expects  to  find  the  same  coronal  structure.  l>oth  at  the 
surface  of  the  Run  and  at  huiidi-eds  of  thousands  of  miles  outside. 

While  at  the  time  of  a  spot-maximum,  the  corona  has  n  ten- 
dency to  take  the  cruciforra  shape  mentioned  above,  it  presents 
at  other  times  appearances  which  arc  quite  difierent,  nptKftrnnD 
not  so  easily  explained. 

This  capricious  character  is  doubtless  connected  with  the  nelni- 
lons  origin  of  the  phenomena,  possibly  with  their  intermittent 
nature,  and  with  their  resemblance  to  solnr  prominences.  In  any 
CTcnt,  we  mnst  not  forget  that  the  spots  arc  not  uniformly  dn< 
tributc<l  in  the  •*  spot-zones,"  and  that,  in  a!l  zones,  there  are 
"pores,"  "  veiled  spots"  and  faculm,  each  modifying  the  emiftstre 
power  of  its  own  neighborhood,  and  thus  influencing  local  con- 
densation. To  these  effects,  the  form  of  the  corona  is  veri-  sensi. 
tive.  Since  the  spots  have  ve1ocit*iesw*hich  are  somewhat  abnormal 
it  is  clear  that  the  condensation  which  is  determined  bjr  the  la- 
diuR  vector  (prolonged)  of  the  spot  will  continually  invade  new- 
regions  of  the  corona.  Hence  those  rapid  changes,  sometimes  ob-* 
servable  within  the  space  of  twenty  minutes,  to-wil  an  Appnrent 
wavering  of  the  streamers. h 

■  Bmnid'upe  Thcorieda Soletletdf^  Etoi/tM  ranabka  (  Ddfl.  Dec..  tMlUlt|k'^ 

'  t  SchArberlc:  Pitbf.  Awtr  Soc.  Pae..  So.  7;  Nrnturt.  May  IG,  1890. 
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Prom  what  has  bcca  said,  it  will  Ik  scea  that  the  beautiful 
corona  of  the  maximum -period  teacher  us  very  little  as  to  the 
real  form  ol'  thecorunul  iavcr.  For  its  tigurc  is  dctermincO  very 
Inrgely  by  the  condition  of  the  photospheric  surface  in  very  dis- 
cant  parts  of  the  Sun.  What  this  condition  may  hap|jcn  to  beat 
nny  time  is  for  a».  at  present,  a  mere  inaLLer  of  chance. 

The  minimum  corona  will,  of  course,  be  more  regular  and  less 
lirilliant,"  For  the  spots  and  fiicuhe  are  then  fewer  in  iiinnlicr, 
and  the  cmissivity  of  the  solar  surface  does  not  vary  sensibly 
from  one  zone  to  another.  There  is  nothing,  therefore,  to  deter- 
mine a  ^^rraler  intensity  of  coronal  Itj^hL  in  one  7one  than  in  an- 
other. 

It  is  then  at  minimum- iwrind,  if  ever,  that  one  may  hope  to  sec 
this  extremely  tenuous  outer  layer  of  the  Sun  in  its  true  furm.  At 
such  a  lime,  above  all  others,  photographs  are  imjwrtant.  The 
excellent  plates  which  Mr.  Barnard  obtained  on  the  1st  of  Janu- 
jiry,  1HH9,  are,  in  this  resjiect,  exceediriply  valuable. 

If.iny  theory  is  true,  the  gaseous  envelopeof  the  Sunhasa  dens- 
ity much  greater  than  has  usunlly  been  assigned  to  it.  The  pre- 
vailing opinion  is  based  upon  the  sharpness  of  the  Fraunhoferf 
lines  and  upon  the  vanishingly  small  resistance  which  the  corona 
offers  to  the  passage  of  comets. t  But  T  have  shown  in  my  "  Me- 
mpirv"  published  by  the  Am.sterdam  Academy  (pp.8T-115)  that 
these  arguments  are  by  no  means  convincing.  It  matters  little 
ilint  my  discussion  is  too  lengthy  to  produce  here,  for  my  views 
have  recently  received  the  most  thorough  s^ipportin  Deslandre's 
obser\*ations  daring  the  eclipse  of  the  16th  of  April,  1893. §  His 
measures  of  the  equatorial  velocity  of  the  corona  at  a  distance 
iTom  the  Sun  amounting  to  two-thirds  of  a  solar  diameter  show 
that  the  corona  rotates  just  like  the  rest  of  the  Sun.  Accordingly 
the  coronnleovelope  is  one  immense  atmosphere  exerting  pressure 
up4in  the  jihotosphere.  For  it  is  quite  impossible  thnt  an  atmos- 
phere so  tremendous  should  have  a  negligibly  small  density  from 
it*  highest,  all  the  way  down,  to  its  lowest  portions, 

Dkuft.  IGth  July,  I'sg.'i. 

*  UKkyct  Chcm.  of  San.  p.  4W;  Ckrkct  Hht-  of  Astro/}.,  p.  283;  Pigkcrlng: 
Auronomy  ami  Astro- I'hysks.  Mav  181)3 

f  '^-'- -    '^■'■''-'ral-n'aairsf  (i.  (iiitirne.  (!H90).  p.  200. 

:  .'.  ao";  Clcrkc:  Uhtory  of  Anronamr,  p.  2t9;  Vomijj;  Eh- 

KOtm-  '.•■,  i>  1+7;  FtJiiyi:  Man.  Soc.  Spet   liat..  21.  1892.    Sate  nar 

aae  Pfnt'iiKmnrr  cxofwcfincnt  ffraitde  nhvrree  le  ^  Oct.,  t892. 

<  [tr^nniltes.  C.  A'.  15tli.  Mav.  ll*<.)3;  Saiare:  SQtb  May.  XHOl^- 


ASTRO.PHYSICAL  NOTES. 


An  mrttcles  and  correspondence  nlatlnjr  to  «i)ecLroacopyiind  otWr  vobjccti, 
propnlT  incltidcd  in  AtfPm>-Pnv»n»,  shnuld  hr  addrrascd  to  Owtrge  K.  Hah.  Km- 
wood  ObsenriitorT  r.r  the  University  nC  Chicago.  Chicago.  U.  S.   A.    Atitlvmof 
papers  lire  tcqiicstc<l  to  refer  to  Ust  page  for  informntioit  in  regard  to  Uluatra- 
tionii,  reprint  co|iics,  etc. 


Is  there  Oxyi^en  lo  the  Alrootpbere  at  the  Sun?— M.  J.  Janssnt  miikcs  tbc 
following:  remarks  on  t)K  note  of  M.  DuihSi  printed  in  otir  pi-eseitt  number. 

"In  Liiiit  note  tlw  learned  Director  of  the  U[)«>nlii  Obser\-ntory  seeks  to  tbovr 
ihnt  the  L-dtnplcx  (jticBtioii  iil  tltc  prcocncv  «f  osr^n  in  the  Sun's  jfiiacoafl  cti- 
velope*niay  tx'  rcjf.-i rrlcd  ns  sotvcfl  by  the  oliscrvJilinnt  which  be  hiu  matte  in  tlic 
course  of  bis  icscnrdieson  tbc  rotaliun  ol'  llic  !jni). 

I  vrrvh  to  sity  hcrv  that  unrorLanutcly  I  <Iu  nut  sbarv  tbii  opinion.  I  hnvc  tn 
foci  Itrrn  ted  hy  louf;  and  promund  F^tudy  of  the  i)uciition,  lo  recognize  that  the 
method  of  diKpUtct'isrnt  of  line^,  arlmiriiUle  ns  il  ht  u\  olhtr  rc«|iect».  i»  inanlliocnl 
to  g'lYc  a  soluticn  of  the  problem.  IT  tbc  question  ol  the  presence  or  absence  of 
thcmclnlloiil  oKVficnm  like  »obkr  atinospbrrc  conid  be  sniecd  hy  the  aim|i[cn- 
periinent  orcnuBtn);  tlwlincs  tooscilliiLr,  it  would  be  uwless  to  devote  one's  self 
to  lou^  iind  tiibotious  obscrvniioiis  nt  elevftted  Ftiitiutis,  or  witb  tubes  full  ufOxy 
gtn  ut  difTcTcnt  prcm^urrs  at  tbc  HurfiKx  of  lIk  E»rtli. 

Thcfliscriniitrnfton  bet  ween  lite  solnr  nnrt  the  terre«lrint  uri^n  of  n  spectml 
line,  on  Itiv  basis  of  clinu^es  of  ri-l'tnMK>bilily  diic  to  the  Sun's  rotation,  was 
ninde  for  the  brut  time  by  Thollon.  It  cotititilntnl  one  of  the  moot  derinvc 
proofs  of  tlic  nrality  of  the  principle  <vhich  wus  first  rniinciiitctl  by  [>rip|>lcr,  but 
winch,  in  tlwbandf  of  M.  Fiieiiu,  hns  bccomv  un  admirable  iiieibod  of  confirm- 
ing ami  mcasurinp  celestial  motions.*  In  1 961,  M.  Comu,  in  order  to  disLinjtuisli 
n  Unr  of  sninr  from  one  of  urrtstrinl  origin,  Rave  ti>  tbitt  mctbiKl  an  extremely 
elegant  form,  Ity  nn  arrangement  which  eivcn  u  kind  of  oscillatory  motion  to  the 
solar  lines,  and  permits  litem  to  l>r  immcilifilcly  dtstiti^uished  I'runi  tlic  fixc<1  line* 
ol  icrrcat  rial  nrijpn.  • 

M.  Dun/r,  in  hiit  important  resenrcliex  on  the  rutntiun  of  the  Sun,  which  were 
made  uiucb  later  tlian  these  investigations,  has  nut  certainly  dune  more  tban  coo- 
(irm  them. 

But  it  should  now  he  remarked,  thnt  if  the  distinction  betwrm  n  dark  line  fif 
exclnsircly  aolar  oriK'"  ^"d  one  due  entirely  to  tlic  terrestrial  atniosplicre  can  in 
fact  be  made  with  certainty,  because  the  phenomenon  is  there  prcMentcd  in  all  its 
simfilicity,  the  case  is  not  t)ic  same  if  tlic  tine  is  due  nt  the  same  time  to  botb  the 
solar  and  terrestrial  ntmoBphercs,  One  might  then  k'nr  that  l)w  divplaceuieiit  of 
the  solar  part  of  the  line  would  be  masked  hy  the  bn-adth  of  the  terrestrial  inrt; 
aQ  the  more,  in  the  case'  of  oxygen,  t^ccnusc  wc  know  to-day  that  the  action  of 
tbc  tcrrratrial  atmosphere  kivcs  a  very  ff'*'^^  intensity  to  tbc  oxygen  bnes,  and 
that  therefore,  a  solar  action,  if  it  exists,  can  be  only  a  very  feeble  one- 

But  the  phenomenon  is  still  more  complex,  for  the  question  of  ndur  oxyf^i 
necesearily  inTotvcs  the  corunnl  utmospherc,  and  wc  know  that  this  utinoftpbere 
is  the  seat  of  violent  movements,  about  which,  bowcrcr.  very  little  is  knowu. 
But  if  dark  lines  originate  in  that  atmosphere,  the  plicnoniena  nf  change  of  rr- 
frnngilnlity  dw  to  motions  of  tbc  source  would  necessarily  depend  upon  these 

*  Some  observations  hare  also  been  made  oatsidc  of  Pmace.*-7y. 


Aatro-Pbvsical  Notes. 


239 


|Tcm«it>,  aiti)  iiiiglit  in  an  ualniuwii  measure  niodifr  tbc  eflcct  of  the  protable 

llj<^  of  the  rorunol  atmt»pli«re. 

ThB9  it  majr  be  ecra  bow  complex  the  qncation  ih,  and  how  inndrqnote  to  it« 
•olatinii  it  llw  aieiltml  hawed  on  tlic  duplAccmcnt  of  tine*.    It  U  thrse  eonHrtf-  - 
tiuo*  whkh  biive  eauard  mc  to  altacic  the  question  front  another  uOr. 

I  hnte  ihou^tit  tbiit  it  wutild  fir»t  l>c  ncccMUiry  tn  detrrntinc  the  part  |i1iitci: 
hj  th«  Kartb'ft  attnosplicTc,  ntid  only  iiitdcrtalte  tbc  fjliir  phciiumriui  jificr  this 
bni  i>nrt  i>\  the  i)ur!:li(tii  bnil  been  cluvidnteil. 

The  tii(itriini<iitnl  i'i-|iit|imi-iii  f>(  tlie  ril>H:rT«tnrT  o(  Mruilon  nllnws  as  alwu- 
Intely  ilcctHH-  experiment  In  l»c  mnde  on  the  nrifoti  nf  the  grmipn  nf  oxTgen  line* 
ro  tbc  M»lnr  upcctrom.  Oxi'kcii  nt  a  inmttuc  of  2S  nimrr«|>liriT*  has  been  intro- 
dtmd  ialo  a  steel  tabc  60  metres  Imig,  Kneel  with  red  copper,  Tliiv  quantity  of 
oxygfm  repitvent*  that  vrb'tch  is  coniainLiI  ia  the  tcrrejttrial  atroosiibcre,  with 
lOpcvt  to  n  ray  travt^rsin^  It  iu  ilK  direction  of  the  rcnitb,  and  it  has  \ttcn  pmTcd 
lh«t  with  n  imwcrful  elcctnc  liRbt  oa  luminous  source,  the  groups,  notnttly  A  and 
Hi  hjirr  *n  inleiisity  rnrn|MtMblr  with  lh»t  of  the  siintc  ^rotipo  in  the  itolnr  »fiev- 
trt  ihe  bummei  when  the  Sun  is  very   htxh.    A   ph^riionteiioii  ia  thii* 

pTc-'  <    whteh  it  if-  only  awvhsnry  to  juU{;cof  the  C|un1ity  of  twu  ctTectiiT 

ruokUtuiing  Lbe  most  favorable  condition  ihttt  ran  1>e  realised  in  rcwarches  of 
Ihia  o»tuiT. 

Thr  umcrK]icrinieat  wiiuniadr  under  nnothcr  form  in  IKH^,  with  the  hh)  oI  n 
powrHol  elvctric  liitht  plAced  on  tbc  cnmniit  of  ttie  E^fff\  tower.  Tbc  stratum  of 
air  between  tttc  Lower  nnd  lb«  Observatory  of  Meudon  represents  [)uitr  acco- 
rstely  in  its  nhMirpiivc  action,  the  Earth's  atinusphcre.  nnd  in  lIvKcnM  nhoit  Is 
fwsMhlc  to  cstinutic  thr  praaiiral  e<)unlity  of  tbc  cfliK-t  with  that  of  ibr  aolar 
HVcrtrutii. 

In  IKKH,  nt  thr  (irnndt-Mnlels,  I  ntliK-kcd  tbc  question  nndcr  anoibcr  form. 
My  intrntitin  wns  tu  !>tudy  the  ikcreisc  in  iIk  intensity  of  t1»c  gro^ie  in  i)turallon 
dlK  to  ttic  altitude  of  the  ^tntlon. 

Thev  ob«enr«tinn»,e*eo  then  condiisivc.  were  rcpeaicil  in  tSSM)  at  the  lJos*«- 
dn<Dn>nmdniiT,  nnd  fmnllr  un  the  summit  of  Mont  [tianc.  with  a  Xiirgy  ^iitinK 
stiertfowopc  (ieliniojj  the  elementary  lines  of  (be  };roups  A,  11  nnd  ir  with  great 
prriectiun ;  the  muks  arc  known. 

I  Iwlieve  lliat  these  researches  show  that  tbc  tcnrstriol  atmosphere  may  be 
teipiided  as  !lie  uole  cntwc  nf  the  pr««ence  ol  tlie  oxyjicn  groups  in  the  solnr  spec- 
tnnn.  nnd  tbnt  this  fital  part  of  tite  ijueiitiou  I'/iu  only  be  solved  by  Ihv  study  of 
th^  terrcstnMl  aitnosphere,  wltcre  tltc  pbenoiitenn  preociiled  arc  nliHulutely  known 
to  »».  It  m»y  then  l>e  said  that  thv  rqwous  envelopes  of  the  Sun  t]o  not 
ronuiia  oxyj^en,  at  lcn#t  in  n  *lnte  capable  of  pruOucinj;  tlte  nbttorpUon  pbcnon- 
ctu  which  wc  Kcc  produced  In  our  tubes  and  in  the  utmosiittert  oi  itic  liarth. 

It  is  now  necessary  to  Jittack  tlie  Knn  considered  by  itself,  and  this  I  have  al- 
ready contmenced  to  do  by  cxaniiiiiii);  ibt-  «pcctriim  of  oxygen  at  a  high  tempern- 
tnrr.    1  shaD  smd  an  account  iM  ttveM:  new  liibun  to  llie  A^'ndcmy. 

To  *am  op:  tbc  method  which  has  served  M.  bun^r  in  his  ini|t(>rutnt 
rtanivbes  on  the  rotation  of  ibc  Snn,  rcKarchcs.  however,  in  which  ilie  niithor 
iBd  nut  luivc  la  view  ihc  question  of  the  presence  of  oxygen  in  the  Sun.  cunnot.  in 
^y  eyes.  Ite  rrjeatdeil  nii  !ii  ilaelf  capable  of  elueiilating  tlie  complex  ijuestion 
which  B  the  snbjevt  of  his  nutc-'*— Comples  Kcndus.  cxviti.  No.  2,  (H  Janvier, 
18M). 

Wliik  WK  fnlly  m-oKnize  the  importanc'c  of  M-  Jansscn'it  rescarclie* 
on    tbe  oriein  of  the  oxygen  lines  in  tlie  aolar   fl]KCtram,   we    do    not   think 


thcrr  is  morh  In  ihcse  mnnrka  to  weukm  the  Ihrcc  uf  M.  Uun^'*  nruutncni.  Tt  m 
out  clear  whnt  tlic  possible  cxiatmcc  of  ivsyirtn  in  the  corona  has  lo  rto  withth^ 
nuittrr.    As  liutli  aiittuirii  pntnt  oul,  the    olnrrvAtkinn    wlikli  an  >>'  1 

fclfttc  lo  only  one  nlmsc  of  tbci|uc*lion.  namd)'.  ilic  txisicticc  of  boIht  Ii 
cidini!  with  itiv  lim-s  of  the  tcrnrKtri.tl  grun)w  A,  K  nnd  oc.     If  such  linn  rxiat  it 
follows  tlinl  there  is  oxygen  in  the  Sun.      If  tlirv  do  not  CKiEt  ii  dors  not  lollow 
tbut    there   n    dd    axyiitn    in    th*   Sun.     .\ii»umin|E;    the   eiialeiicc  of    ■    soImt 
component,  there  ia  no  doubt  that  ilic  doulilini;  of  tbe«c  oi^j^n  hnes  at  the  east 
rtr  wrut  limti  of  the  Sun  wopid  l<c  MTMin  tu  ofcwr.  a*  piiiiiled  out  W  M.  Ouii*r. 
tbeonly  i|uc»lion  ia  ak  lo  the  pOMHtiililr   »(  dclcvlins  «1-      II  the  difficulty  uf  the 
obacrvniion   114^  in    the   fixintncHx   uf  the  «olai    ctiui|tunr()t,  na   auiuctvtrd  hy  M. 
JmsBcn.  then  wc  may  point  owt  that  his  own  o1)«ervntioiis  »vogld  hi-  tnitn-i&iv'e] 
forthcaattie  rcnson;  for  on  the  summit  of  Mont  BUtnc  more  thun  h.-«lf  the  mnt 
uf  the  Earth's  ntnioHphrre  is  still  abov-e  the  aliscrver,  anil   in   the  efim^utrisooaJ 
with  tubes  full  of  oxygen  the  tiigbl  atiditionni  intensity  of  the  tcllunc  line*  in  tlic' 
MilaT  spectmni.  dnc  to  a  trne  iMlar  component,  wniiM  be  inapprcvtnble. 

An  cctimate  uf  tlic  ilifSc-ultict:  iri«inj(  fnim  the  ch»sencm  of  the  cotniionmt* 
OLB  be  formed  with  the  aid  of  the  followinR  conMderalionx.  T)ic  maximnin  wpn- 
ratJon  would  Iw  very  nearly  that  due  n»  the  motion  of  the  eiwl  or  weal  hmh  of 
tbe8nn;  dl  II  it  would  amount  to  about  OOfi  teulh-meici-s.  This  is  iibont  the 
limit  uf  tr»<>luli<in  nf  Kowlniid'M  mnp.  lint  in  bin  incinotr  im  the  rotulioti  ol  the 
Sun  i*>()fri>$i)r  I)un^r  hns  ^ivcn  a  ItKt  of  hnen  nnl  K^n^nizabte  nit  dauhlc  on  the 
iiiap,  bnt  which  1>e  f^innd  to  W  double  with  his  tnnrainent.  I  Icnce  it  would  mevrn 
that  by  careful  oJisiTVUtiun  of  the  thurprst  lines,  tite  titiplivit;  in  (picsLHtn  should 
bedctveted. 

PrrtfCMHir  SehiiMcr  contributes  a  note  on  the  snmc  «ubjeet  to  the  Comptt* 
Reatfaa  (Jan.  lA.  liyj'^).  in  whieh  hr  poinbi  nnl  that  tn  1K77  he  vbowrd  thnt 
swwrul  line*  in  one  of  the  itpretra  of  oxyiten  «re  prrhnps  ncprrBCTilcd  by  dnrk 
lines  in  the  sobir  fipeinruni.  Abfwlntc  coincidence  «f  tlte  Hne*  cannot  lie  nMtrrtcd 
on  atxvntit  of  i^mnll  crror>  lo  which  I  he  otievrvationB  werr  suhrcvl,  bat  he  thinks 
tbrir  poHiible  itlenlity  should  l>c  coniiidcrcd  in  a  diu'UHsicin  uf  the  t|iK>siion. 


Report  of  the  WoUiajtbatn  ObMnratoty  foi  the  yptr  1893.— In  this  v«ry  Itnef  rr- 
pnrt  Mr.  Bspiii  does  little  more  thun  niciicion  the  vnHous  impfirlani  oh^ervatinnt 
made  by  him  dntinj:  tht  pa-'t  yenr.  They  rrlntc  chiefly  to  the  dtscorery  of  alan 
with  remarlinblr  npectra,  and  the  m>itll9  arc  well  known  to  our  reAdera.  Fmrr 
hundivd  find  cigbty-niEie  ^uch  »t»r»  were  dt»ci»vercd  bende*  fifLcen  nebulie  not  in- 
clprlvd  in  the  New  (icnrral  Cntnlaf{ur. 

The  Ohecrvatnry  hns  sustained  a  &«Tere  lo«ti  !n  the  death  of  MIks  BmnV,  who 
was  gTMitly  interested  in  its  work  and  graeroualy  defrayed  many  of  the  tncidm- 
tal  ex|KnKcfi. 


Large  Rock-salt  Pri«m  mad  LcosM.— Mr.  Brasfaearu  makiuK  for  tlie  Smithson- 
ian Insiitutinn  a  rock-»ntt  itri^m  and  Mt  nt  leitscs  which,  when  completed,  will 
I>rob«Wy  be  the  largest  opticBl  train  yel  toiialrm^tcd  of  lliis  malcriol.  The  OO* 
prism  is  seven  inclics  liigh,  nnd  ibe  width  of  each  fare  ik  five  inches.  The  Icnarf 
arc  seven  inche*  in  ihnmctcr.  While  ilie  prism  is  not  perfectly  frtc  from  fluws.  the  : 
loss  of  tijrht  from  this  en  use  will  hurdly  l»e  more  than  tlve  |Kr  rtnu,  and  the  leoaea' 
are  even  cicurer  thnn  the  prism.  All  thrcj  pieces  were  cut  from  a  block  of  rock- 
suit  which  formed  jmrt  of  the  KnEMian  mining  exhibit  ill  Chicago. 
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Pbotograpbic  InvMlii^atioti)  of  Ca^UIq  Aboey.— The  Rialioa  lietwocn  the 
hnghtnr«6  (if  a  pbotouraithK-  tmn^  and  thr  tune  nl  exposure  nccewnrv  to  pro- 
duce n  gtvrn  tirnidty  in  Die  nr>;Attve  is  a  very  important  one.  as  it  has  a  iHrtct 
dcArmx  ^^  l^  mctlKxta  ol  •Ictt-nntning  ktcllar  maf;iiiludca  by  pbutography.  The 
siinple  Tclntinn  llitit  tbc  prtKlu^-t  of  the  intensity  nnd  the  lime  ie  b  constnnt  cnn 
only  be  Bscntned  In  hold  within  certnEu  Hmits.  and  Captain  Abiiey  hns  always 
nuidr  this  rt«crviilicm  in  titattri;  his  helier  in  the  principle.  In  »  revent  commimi- 
eaiion  to  the  Koynl  Astronomical  Socictr  {Moathtr  fioiicca.  LIV.  Dec.  1K93)  be 
ftdMil*.  bnwerer,  tllAt  W  v.H'S  tuix  prt-pared  In  lind  so  wide  a  tk-pitrttire  (nmt  the 
V*-  uteil  Iiiw  as  ilmt  inilicaied  by  »onie  of  hi»  e)L)jerimeiit«.    \V7th  very 

fci!  -lie  time  uf  eipu^urc  hiid  tu  be  much  more  than  proimrtioniiUy  in- 

Aonf  her  important  fAct  brought  out  by  theiovestigntion  is  that  the  sain  of  a 
Imtft  numbee  of  small  cxpostites  is  not  e(|ual  to  the  same  CKposure  given  aX  one 
tine. 

According  to  Cnptain  Abncy's  ranlts  a  UrRc  tvtcscope  has  a  Krealer  advan- 
lagT  o*«T  fi  smull  one,  in  cvrtniti  kinds  of  pbolograpliic  work,  tban  woald  be  et- 
ivrted  from  a  mm[uiri&<in  of  the  areas  of  their  objectives.  Tlie  more  the  Hnbject 
ol  >t>hi('  miifinititdm  is  investigated  the  more  numerous  seem  to  be  the 

di;;  -  iih  whiili  it  isl*c«cl. 


TkMiry  of  Optical  iDslnimnnts  by  Oc.  Cupsld.*— The  case  with  which  all  the 
futidflniciitiil  Ian'»  <•(  optti-a  lend  thciiiKlvcs  to  rxnct  synil>olio  expre^tion  has 
made  tlic  »ubject  »  templing  one  to  niBtlicinatidans.  One  result  baa  licea  a  rath- 
er  wide  itap  between  llieury  nnd  practice,  Iwt  ween  theory  nnd  teehni<|ae,  perhaps 
«v  should  «ay,  from  which  each  |tossihly  has  sufFered. 

The  iHJuk  which  Vr.  CiApuki  hn^  given  ua>  may  fairly  be  called  reinarkflble  for 
tlw  milliner  in  whirti  nn  every  pugc  he  exprcnne*  hi»  cxjicrimmtii!  fnctji  in  i-iwily 
luindhrd  e«niottoii»  ;iii.l.  cimverscly.  iiiierprels  Ins  cquntionn  in  teniiB  nl  priircirnl 
experiment.  In  thie  rc^iieci  thenutbur  h  quite  in  hamii<ny  with  Mnscnrt  in  hts 
Tra/re  iFOptique  ami  Lord  Rayleigb  in  bis  H'/ire  Theory  of  Light,  in  each  of 
witich  the  r»nEtunl  nppea)  is  frum  puic  innchcmnties  to  eiperimenl. 

Another  fttrilung  fentuir  of  tlic  work  is  its  cxecllcnt  balance;  a  sense  uf  propfir- 
tloa  t>  seldom,  if  ever,  losi  i  the  s[iecinl  ruse  is  ulwnys  exhibited  in  it*  relation  tu 
the  (feneTBl.  At  least  in  so  (ar  b»  the  "  unircnial  dovetailediicss  of  things  will  per- 
mit-'" 

Thr  firvt  fitly  }\nst^  an  necupied  by  an  rxtrediitgly  general  aitd,  of  ronrM.  e*- 
Kiiiinlly  r>iiu<i!niiii,  irentmmt  of  the  siibje^l.  This,  like  the  remainder  o(  the 
bixik  n  biid  down  '<n  the  lines  of  AblM.-,  and  makes  by  far  the  most  clegfiitt  |>re> 
•cittntin<i  with  whirl)  your  reviewer  in  tumilinr- 

Any  opiical  system  whatever  is  trcntcd  simply  an  a  dcrice  for  trnnslbTmlng  ■ 
ptane  in  one  part  uf  spncc  into  n  corre^iKtndin^  pinnc  in  another  part  of  space. 
For  cunvcmcncc.  these  two  regions  ore  culled  "  ol>icct- space  "  and  "  image  Kiioce  " 
f*S|irelt«el]r.  The  wliolc  of  mlml  ia  ordinarily  known  as  gcoroetrtcal  optics  is 
boaerf  i:i'  -  ingle  drfitiitjon.    Th(  optical  instrument  tbuH  dcAnei!  iMeomplete 

Ijr  dirsci .  •'  fifteen  constant*  of  the  following  equatious.  which  dclemiinc 

mmy  point  (a',,i'.  ;'>  in  lIk  *'imagc-s|iaK"  in   Cemis  ofics  correspouding  point 
^.i.^.x)  in  tile  "uhje\.i-«jM»ce."' 


4  Tbeofieikr  Optixhen  Inairvmctiten  nmch  Ah/te  rua  thr.  Siegfried  Czaiiaki. 
|AK«lftB.1KU3.|    pp.  362. 
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■     JiJC  +  67  -(-  M  +  1 

&ix  +  bjy  +  CgZ  +  dj 
fl:i  +  by  -(-  «  +  1 


'   —    ai-f  &>-  +  «+ 1 

■  Planes  of  discontinuity  in  these  two  regions  are  recognized  later  as  the  two 
focal  planes.  The  single  case  in  which  there  is  nn  discontinuity,  /.  c,  the  case  in 
which  finite  values  of  x,  y,  z,  always  yield  the  finite  values  of  x*,  j^,  x',  is  later 
seen  to  be  the  case  of  the  astronomical  telescope  when  adjusted  for  a  normal  eye. 
In  like  manner  are  derived  a  number  of  other  fundamental  theorems. 

The  next  problem  is  to  reduce,  without  any  essential  sacrifice  of  generality, 
the  fifteen  constants  to  a  workable  numlicr.  This  is  Bccomplislied,  in  a  really 
elegant  manner,  by  the  successive  introduction  of  the  actual  working  conditions 
and  by  choice  of  convenient  reference  axes;  so  that  only  two  constants,  A  and  B, 
remain,  giving  the  equations 

A 
x'  ^^  ~ 

X 


Bz 


Of  these,  curiously  enough,  Bhnp{>ensto  be  the  first  focal  length  of  the  sys- 
tem, and  A  the  product  of  the  first  and  second  focal  lengths. 

The  first  of  these  equations  is,  at  once,  Newton's  Rule;  the  second  and  third 
give  the  magnifying  power,  an  ordinarily  understood;  while  the  longitudinal 

magnification  | — :-  |  comes  from  the  first  by  direct  differentiation;  and  so  on. 
\dx  / 

This  rough  sketch  will  give  a  general  notion  01  the  method  pursued  thronghout. 

The  treatment  of  lenses  and  systems  of  lenses  follows  next,  and  is  perhaps 
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■tronftly  lUAittrd  apmi,  for  Ix'tb  inddcnt  anil  cnierKenE  lienins.  To  th'iec  nvlio 
l^  will  took  tbrongb  tbr  book  io  rain  lor  any  dieaission  of  the  spectroscope,  as 
H«[u:fa,  ihrae  jtoftn,  toRethcf  witb  those  on  thr  priofn,  nre  to  be  (PprciJilW  com- 
^■mcnilctL  On  the  otI>cr  band,  ditu>p[»intnienl  niuat  be  cutifcmed  at  not  liudiug 
^■Itenr  n  Mitncwfaat  fuller  diicuiiuoti  of  difFroctiuit  cBccts  (fctrmiiiicd  by  npcrtnre. 
1^  Hffcrnice  is  here  intended  especially  to  the  distribntioo  of  light  in  the  tmu^a  of 
,  puiots  and  to  the  tnimedtatc  depeodeDce  of  resolving  power  upon  this.  The  ad' 
^TmntAse  of  Inrge  objective  in  otlt-ring  incrensed  li^bi  and  diminiebnl  "opurions 
is  p*^<^-  bat  no  nieaiu'>u  is  mad>;  of  t)K'  third  aitrnningi*  •>{  ttieate  tnrj^e 
ill  fiiTing  a  Htreprr  intcnkitv  curve  horn  the  center  (o  the  edge  of  the 
rioiM  disc."  The  proportion  of  ttK  total  iuddcnt  li]{ht  which  an  inistrnnKnl 
!■  able  to  concentrate  in  tlic  "epariona  disc"  is  not  touched  upon.  Posobly  these 
■ad  kindred  «ub)cctx  nn  reserved  for  the  treatitie  whkb,  tn  tbe  imfflee,  i»  proni- 
iml  from  Profcssor  Abbe. 

The  lost  hundred  piijjc*  nic  devoted  to  tbe  dcAcriirtion  uf  tHrioiM  optical  in- 

ttrumenlt,  includinp;  tti*^  biininn  eye,  the  [iliol<.))ji:iphic  Irnv,  the  compotiiid  iiiiceo- 

the  n*t-  icleitiiiie  mid  tbe  TtKinneter.     Altlioti^b  dewrijuivc,  the»e 

areiK  wlix,  and  the  reader  will  tind  that  he  mnn  keep  himself 

tBenlnlty  wideawake  il   lie  is  to  (ollow  tbe  author  intettij^eiitly.     Por  the  student 

^^who  has  not  rollowcd  the  earlier  pRfjes  a»  iiitelligeiitly  a&  he  miglit   wish,  this 

^nntcr  part  uf  th«»  Tolume  is  »  hdpfnl  collection  of  sjiecial  problem*  iKilvcd  by  the 

I^bkI  of  the  geneml  principles  laid  down  in  the  first  part-    To  the  tnicrotcoptBt  and 

pbotu|i:rapheT  the  welt  known  authority  witb  wltich  Dr.  Ctspski  (peaks  niiikc« 

Ikis  part  of  the  work  of  bif^b  voloe. 

Of  the  volume  n.i  a  vvhoi^,  il  may  be  said  that  ordinary  and  unilere.4tin|;  de- 

r  rrcrrwhcrc  licvn  umiltcd.    Amoii);  f/irse  details,  it  is  not  onr  ijiteiition 

■.c  tlic  iiiitcs,  which  is  rmt  tu  be  foiinil.    Wil)  Euiueone  kindly  eiplain  the 

it>n  which  Kn^tiab  itnd  Cuiitinentiil  wnters  have  for  iuih'iics^    In  this  case 

It  nny  other  half  dozen  pages  might  bare  been  omitted  with  less  loss  thon 

Ifaoac  whidi  WuuUl  hnrr  snfficetl  lor  an  index. 

Kcfc-rrnces  tn  (iri^nnl  memoirs  abound  in  every  chapter.  Tbe  author's  cvi* 
It  ncgimintAuec  with  the  work  oT  Lord  Rnytcitib  mnkcs  it  all  the  more  Burpri»* 
:  that  Itt  »houhl  rcftr  to  Cotes'  theorem  rcgurding  tbe  magnifying  power  of  any 
ttem  tu  " dcr  Hetmholtx- Lagrjiagexbe  Suti.  To  Cotes  nnd  lii.i  thi-orrm  thcrt 
I  to  altai'h  n  [iccuhar  lalalit  v  to  virtue  of  wfltch  it  hn«  l>ecti  necessary  that 
If  Hhrinld  bedi-tcovercil  successively  by  Newton' and  Unylcigh,  :ind  that 
kns  throrvm  sliould  l>e  indetrrndcntly  discovered  three  limes  in  soccesstoti, 
^^  A«  to  the  author's  style  one  word,  at  IcnsL,  must  lie  said.  Io  ilie  IwapinK  of 
^■fine  defiendent  dauM  upon  uiiocher  to  form  gigantic  scntencett,  be  is  possibly  lol- 
^Ho«ria){  only  tbe  gmios  ofthe  firman  lan)^iage.  .Any  comjtarison  with  French  or 
^■Sn^ish  mntft,  of  course  be  forborne.  Into  these  long  saitciiccs  are  tbrast  intei^ 
T^^minablr  parent Itrsc*.  often  scvcnil  in  nnm1>er  ncceMtitaling  a>  much  brain 
tabor  on  German  syntax  as  is  called  for  by  the  subject  matter.  These  rrmnrks 
mi^ht  be  iguitr  i>ut  of  place,  were  it  nnt  ittat  nrcent  scientific  literature  has  shown 
LE      the  German  langua^  capable  of  better  thtags. 

^H         To  st'steiuatltr  nnd  unify,  as  Dr.  Cxnpski  hax  done,  so  many  orif^nal  contrib- 
^Bitioas  to  any  vufagrct  is  of  counie  a  valuable  scientific  service.      Haxay  ckxw. 

WM       *  Il  ttJuCoteaof  whom  Newton  maile  his  clossieal  remark, 
'^^bsd  lived,  wv  should  have  kuown  somcthinx>" 


Idest 


IfMr.  Com 
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Solir  Obscnratloai  at  the  KomJO  College  In  1893.— Tbr  followiaK  b  cKtractirf 
from  n  IctttT  n-ttutly  levinveJ  from  VrofvainiT  Taccliini: 

On  account  of  my  trip  tu  Atnrrira,  my  vommaiiications  are  sniticTChaC  behind- 
liaiid,  and  at  prcsfnl  1  am  only  able  txi  titnd  you  an  abstrnct  of  ttic  solflr  obwrv* 
dons  made  at  IIk  Rural  OlwcrvaUwy  of  titc  Kumaii  CoUckt  iu  tlit  lecnntl  tttnl 
ihird  <iu«rtirr»of  (lieyoar  1893. 


Mrlntlv*  Prvqueacy 


Bvlnllvv  Sim 


OIiKTvatlun. 


1H>». 

Apnl  3R 

May  'JS 

Jooe  27 

Jn)y  ao 

August  31 

ScjitcmWr  30 


of  iipula 
29.11 

It..  6 

38.74 

26.10 

.io-77 


of  l>n<ra 
ivithoul  1[K>I*. 


lit  StIOlB 

tio.s 

95.3 

101.3 

i3».f 

"75 

141.1 


of  PM-alw. 

S9.S 
63.9 
94' 

III.O 

'34-0 


Onring  the  sccntirf  <|uartcr  orcbe  yenr,  the  solor  activity,  with  reference  to  tW 
spot«,  Khuwetl  on  iiiiTrase,  and  the  frequcnc.r  of  the  gtov]'*  oT  ftputa  ranaiiRd 
nearly  roiiBtat.t.  As  in  the  prceetltng  qanrter,  rcrkd  spots  and  pule  faculic  were 
ptTtty  fre<]aent.  In  the  third  {junrtcr  the  diurnal  rrri)uciKy  of  tbc  true  apol* 
comes  out  rfithcr  small,  but  on  account  of  tt>c  increase  in  the  number  of  groups, 
the  Kteat  numlicr  of  large  porc»  <trou5),  and  the  considerable  sijtc  of  tt»r  »iKtLs. 
the  solwr  activity  sh*mld  Ik  rTg«rd«l  n»  lU-ddedly  greater  (lian  tn  the  pivcvditis 
nioiuh»,  with  a  wrll-iiiarkcd  ninxiniuni  in  tlic  month  of  August.  The  fucuUr  nlfo 
vcrc  mure  numccous,     Following  arc  tlic  resnllK  of  obscrvn lions  of  promiiienna : 


Dayt  of 

Averojct 

Avcmite 

Attrmte 

Brtadtb 

IMS, 

nharrintlnn. 

Knmbcr 

Ile4ghi- 

AprQ 
May 

26 

11. 5H 

J9-J 

iM 

31 

6.52 

40.1 

1-9 

lone 

28 

5-Kl 

38.8 

'-9 

llnly 

26 

6.33 

374 

3 

AvtgnKl 

29 

».r3 

i6.3 

iVjttemI 

tcr      26 

6-77 

3O.S 

>-7 

Liuring  tlw  second  t|iinrtcr  the  phenommn  of  .the  prominrnciMi  were  of  abooi 
tbc  same  intensity  as  in  the  first  months  of  the  ycnr,  and  the  only  point  rc<|tiiriag 
notice  IK  the  sei'ondary  nuiximum  in  the  monlh  of  ApdI.  In  the  thini  quarter 
tbc  prominences  continued  to  diminish  in  importance,  while  the  spots  showed  ■ 
considerable  iucreniw.  sliowinj:  that  the  rcliLlinii  between  the  two  phenomma  it 
not  so  intimate  as  it  was  once  stippond  to  lie.  It  scemn  appropriate  to  remark, 
in  connection  with  this  subject,  titat  aa  auroras  and  Rreat  mn^clic  dislntlMneef 
hnvc  been  much  leas  frvi|uent  during  the  period  in  question,  my  former  views  have 
been  conlirmni,  namely;  that  terrestrial  plienouiena  are  more  closely  rcJntcd  lo 
the  phenomenn  of  tbc  solnr  ntmospliere  than  lo  the  spots-  The  grentest  hriKhtt 
rvached  by  prominences  were  as  follows; 


April  !RT 
May  127 
J  une       »l) 


Jul  I-  75 
Aug.  121 
l!;cpt.l21 


p.  TACCHUn. 


Tbc  following  letter  has  been  receircd  fnnin  Proleasor  TaccUni: 

I  take  plciwureia  sending  you  the  resniu  which  I  have  nhtained  fc>r  the  JK^ 

tribution  in  latitude  of  solnr  plienoiuena,  from  observations  made  at  (he  Ruynl 

ObtcrvuLory  of  th«  Roman  College  during  tlie  first  half  of  the  year  1 893 ; 
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ISM. 

Protvbctmncca . 

Fftml«. 

apota. 

BrapUona. 

lAtltadc. 

Fint  Qwartet'. 

Pint  gttarter. 

pint  Unartcr. 

Pirat  Qnartcr. 

K1 

-80 

0.000 

-  70 

aoo5 

. 

70- 

-60 

0.017 

60- 

-50 

0.017 

50- 

-40 

0.052 

0-339 

0.013 

0.000 

40- 

-30 

o.o« 

0.085 
0.068 

0.048 

0.076 

jo- 

-  30 

• 

0. 117 

0.429 

0.27a 

0.435 

«o  +  10 

0.160 

0.087 

10  -i-     0 

0.040 

0.091 

0  —  to 

0.046 

0.147 

0.109 

to  —  20 

0.084 

0.25  s 

0-337 

20  —  30 

0.095 

0.143 

0.571 

0.109 

0.565 

30  -  40 

0.127 

0.032 

0.0 1 1 

40-50 

0.137 

0.661 

0.004 

50  —  60 

O.I  II 

60  —  70 

0.066 

70-80 

80  —  90 

0.003 

0.002 

ScGoodlQanrt  r  r. 

Second  Qnartcr. 

Second  Quarter. 

Second  Qnartcr. 

90-1-80 

0.000 

80  +  70 

0.000 

70  +  fio 

0.01 1 

60  +  50 

0.011 

50  +  40 

0-045 

0-34S 

0.000 

•0  +  30 

0.092 

0.025 

0.000 

30  +  ao 

0.052 

0.062 

0.08a  V  0.385 

0.000 

0.408 

20+10 

0.155 

0.229 

0.500 

10+0 

0.022 

0.123 

0.079 

0.350 

1.000 

0—10 

O.IOZ 

0.129 

0.071 

0.135 

to  —  20 

0.113 

0.234 

0.314 

0.125 

20  —  30 

0.094 

0.186 

0.615 

0.200 

0.529 

30-40 

0.1O3 

0.060 

0.007 

40-50 

0.056 

0^55 

D.006 

50—60 

0.07s 

60  —  70 

0.108 

70-80 

0.005 

So  - 

-90 

0.000 

The  freqatncy  of  the  protuberances  is  nearly  twice  as  great  in  the  southern 
zones  as  it  is  in  the  northern,  and  all  the  solar  phenomena  were  more  frequent  in 
the  southern  hemisphere ;  the  same  circumstance  is  manifest  in  the  data  of  each 
month.  The  absolute  maxima  by  zones  was  also  always  found  in  this  hemisphere. 
The  maxima  of  faculs  and  of  spots  occurred  in  the  same  zones  (±10°,  ±  20°), 
while  those  of  the  protuberances  were  situated  in  higher  latitudes. 

In  the  first  quarter  of  the  year  no  eruptions  were  observed, 

P.    T\CCHINI. 


PLANET  NOTES  FOR  APRIL. 


H.  C.  WILSON. 


Mercury  will  be  "morning  star"  during  April,  and  will  be  at  greatest  elonga- 
tion, west  from  the  Snn  27°  40',  on  the  tenth  of  the  month.  Mercury  will  be  in 
coDJtmction  with  the  Moon  April  3  at  5"  37"  p.  m.  central  time. 
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Venus  U  aliKi  "iiiorninK  Htnr"  anO  in  itcaritig  fjrcntmt  eli)iij;alH}ti  vreal  frMB 
the  Sun.  The  {{rrattmt  divtnncv  from  the  Sun,  *&*  lO*',  will  Ik  rencbcd  no  the 
niQrninc  of  April  27.  Ttiia  will  be  n  Tavorablc  tnoutli.  xu  fur  &■  position  b  co«f 
ccmed,  ioT  the  study  of  tite  xurtace  niai1cing«  of  Vcimt,  aliliou>;1i  tbe  fhct  Uwt  »lie 
1b  onir  TisHilc  in  the  tnomin(>  will  be  a  drawback  to  nil  but  the  most  miliiiiiA»tic 
amnteurs.  On  th*  moniin)(  of  April  ft  \Vnu»  will  ix  near  tltc  star  a  Aqunni.  coa- 
junetioii  in  right  ascension  occurring  «t  2"  17"  A.  u.  central  tinw.  Venia  will  tbca 
b«  19'  8(juth  i>f  Ihf  *lnr.  Tltc  illumirtHtvil  ]M>rtion  of  hc/diitc  will  iticrrnn*'  iluring 
tUc  month  fmni  one  third  to  one  hnlf,  whilr  Iicr  hrillinncjr  will  ilcrira»r  in  the 
ratio  of  195  lo  139. 

Jt/jtrs  itnproTcs  a  little  in  position  during  April,  but  it  will  not  ycl  pajr  to 
Kpend  much  time  in  trying  to  olivrvc  tliin  planet.  He  will  more  cjutward  and 
northward  through  the  center  of  tbe  constellation  Caprieornus.  Ai  Iw  ta 
brighter  timii  mirnf  tlicstarwin  the  constetlHtititi  it  wotdd  not  be  diScnIt  toiden- 
tify  him  wltliont  the  ruddv  color  whicb  makes  htm  so  conspicuous.  Mars  wiU  be 
in  conjunction  with  the  Moon  April  2',*  at  I  a.  m. 

Jupiter  will  be  pretty  low  in  the  west  {luring  the  obscrvinf;^  bonra  of  April,  but 
some  vntiKfrictorj  ricwit  ni.ny  jrci  Itc  obtained.  TIr  \»  raovin;;  slowlv  cnatMi'ard 
»oulIi  of  the  Pleiades.  Jupiter  will  be  in  conjnction  with  tbe  Moon,  S°  soiatb, 
April  Q  at  5  A.  M. 

Satara  and  Spka  {a  Yirginis)  make  a  fine  poir  io  tbe  sonth  in  the  tnominff. 
They  nrc  nearly  i4|ual  in  brilliancy  but  diOera  little  in  color,  Rntum  hitvln^  A 
golden  hue  while  Spiea  is  bluish  white.  Saturn  is  retrograding,  that  is  moviog 
westward,  nnd  at  the  end  of  .April  will  be  almost  directly  north  of  Spica.  Re 
will  be  at  opposition  April  11  at  n»on.  The  moon  will  pass  by  Saturn,  4°  to  tbc 
touth,  A|>ril  10  at  9»  l!a»  p.  u. 

Vruaas  is  toward  the  southeast  from  Saturn  to  tbe  constdlntton  Ltbnt.  Oa 
the  morning  of  the  27th  at  7*'  1 X"'  be  will  be  in  conjunction  with  the  second  mag- 
nitude star  a  Librnr,  Ixing  only  4'  north  of  the  brighter  component  cif  that  star 
■which  is  a  wide  double.  Tltc  motion  of  Uranus  is  »o  slow  that  he  wiD  be  to  tbe 
vicinity  of  the  star  for  screral  day*,  so  that  this  will  be  an  excellent  opportunity 
for  the  amateur  co  be  sure  that  he  baa  seea  this  planet-  Note  tbc  green  color  and 
the  \-isibility  of  a  definite  disc. 

.Ve/jcunemay  be  nbHcrvcd  in  tbe  early  evening  but  has  post  thcmostfaTorahlc 
position.    He  is  about  halfway  between  land  e  in  the  constellation  Tsurus. 


PUnel  Ta.blM  for  April. 


[The  tltnc*  ictven  nrc  total  time  lar-MorthOeld.  To  obtain  Hoiidnrti  Tltnt*  for  Place 
la  approximalclj  tbc  mamt  Intltudr,  wld  tbr  (llOercuce  lietwmi  StanilAiii  nnd  L>ocal 
TUoe  If  west  o1  tkc  Gtaadard  Meridian  or  *abtr»ct  It  east]. 


MERCirsT. 

Date. 

K.  &. 

DceU 

Rises. 

Trsfliiu. 

SttM. 

1894. 

h       ni 

O            ' 

h    m 

h       m 

h      m 

Apr.      6... 

...23   21.7 

— 

s  a5 

4  -17  A.  M. 

10  25.g  A.  M. 

4  osr.M. 

IS... 

...23  sftja 

— 

2  52 

*  31     " 

to  33.5    ■' 

♦  16    " 

35... 

...  0  *».o 

+ 

3  30 

*  22    " 
VBNCS. 

10  34.4    •• 

4  47    " 

Apr*       5... 

...33  13.1 

— 

8  36 

3  47  A.  u. 

9  ie.6A.  u. 

3  46P.H. 

IB.„ 

...32  44.8 

— 

6  53 

3  34    " 

d  09.7     •• 

2  46    " 

2S... 

...23  20.G 

— 

4  33 

3  30     ■' 

9  06.1     " 

3  S3    " 

Planet  Tables. 


247 


Date.  R.  A. 

18»4.  b       m 

Apr.       u 20  33.6 

15 21  02.7 

25 21   31.1 

Apr.       5 3  5*.5 

15 4  02.9 

25 i  11.9 

Apr.      5 13  26.5 

15 13  23.6 

25 13  20.8 

Apr.       5 14  48.4 

15 14  46.9 

25 14  45.3 

Apr.       5 4  40.0 

15 4  41.0 

25 4  42.3 

Apr.       5 0  58.7 

15 1   35.5 

25 2  12.8 

Apr.       1 21   26.4 

3 23  O3.0 

5 0  38.8 

7 2  22.6 

9 4  22.8 

11 6  36.6 

13 8  45.5 

15 10  37.5 

17 12  17.5 

19 13  55.1 

21 15  38.2 

23 17  28.7 

26 19  20.3 

28 21  05.D 

30 22  41.6 


MARS. 

Dec]. 

Rlaca. 

Tranaita. 

SetB. 

o    r 

h 

m 

h  m 

h 

m 

-   19  56 

2 

58  a.  H. 

7  38.3  a 

.  u. 

12 

19  p.  H 

-  18  14 

2 

40  " 

7  28.0 

" 

12 

16  " 

-  16  18 

2 

20  " 

7  17.1 

it 

12 

14  " 

JUPITBR. 

+  19  43 

7 

32  a.  m. 

2  58.0  p. 

M. 

10 

24  P.  M 

4-  20  09 

6 

59  '• 

2  27.0 

II 

9 

55  " 

+  20  35 

6 

26  " 

1  56.5 

" 

9 

27  " 

SATURN. 

-  6  06 

6 

49  p.  M. 

12  28.3  a. 

u. 

6 

07  A.  M 

-  5  48 

6 

05   " 

11  46.1  p 

M. 

5  27   " 

-  5  32 

5 

22   " 

n  04.0 

i 

4 

46  " 

URANUS. 

-  15  47 

8 

51  P.  M. 

1  49.9  a 

M. 

6 

49  a.  u 

-  15  40 

8 

09  '• 

1  09.1 

ii 

6 

09  " 

-  15  33 

7 

28  " 

12  28.2 

■  t 

5 

28  " 

NEPTUNE- 

+  20  41 

8 

12  A.  M. 

3  43.3  p 

K. 

11 

14  P.  M 

+  20  44 

7 

34  " 

3  05.1 

" 

10 

36  " 

+  20  46 

6 

56  " 

2  27.0 

It 

9 

58  " 

THE  SUN. 

+  6  16 

5 

34  a.  u. 

12  02.6  p 

U. 

6 

31  P.  M 

+  9  57 

5 

17  " 

11  59.9  a 

M. 

6 

43  " 

+  13  22 

5 
THE 

00  " 
MOON. 

11  57.8 

11 

6 

55  " 

-  19  30 

4 

03  A.  M. 

8  46.6  A. 

U. 

1 

39  p.  M 

-  8  40 

4 

35  " 

10  15.2 

II 

4 

08  " 

+  4  12 

5 

21   " 

11  42.8 

i< 

6 

19  " 

+  16  52 

6 

02  " 

1  18.4  p 

M. 

8 

51  " 

+  26  06 

7 

01  " 

3  10.5 

L 

11 

33  " 

+  28  28 

8 

43  " 

5  16.0 

' 

1 

45  A.  M 

+  22  53 

11 

12  " 

7  16.6 

" 

3 

06  " 

+  11  51 

1 

50  P.  u. 

9  00.5 

i 

3 

54  " 

-  1  19 

4 

19  •' 

10  32.4 

<i 

4 

32  " 

-  13  51 

6 

42  " 

12  01.9  A. 

M. 

5 

10  " 

-  23  27 

'9 

04  " 

1  36.8 

( 

6 

02  " 

-  28  16 

11 

16  " 

3  19. 1 

' 

7 

20  " 

-  27  22 

12 

57  A.  U. 

5  02.6 

9 

11  " 

-  21  18 

2 

04  " 

6  39.2 

1 

11 

23  " 

-  11  17 

2 

48  " 

8  07.6  ' 

I 

1 

38  p.  M 

Approximate  Central  Standard  Times  vrhen  the  Great  Red  Spot 
vrill  cross  the  Central  Meridian  of  Jupiter. 


Apr. 


h    m 


b    m 


1 

7  26  p. 

u. 

Apr. 

11 

5  +0  p.  M. 

Apr. 

21 

3  54  P.  M 

2 

3  17  ' 

12 

11  27  " 

22 

9  41  " 

3 

9  04  * 

13 

7  18  " 

23 

5  32  " 

4 

4  55  ' 

14 

3  09  " 

24 

11  19  " 

5 

10  42  ' 

15 

8  56  " 

25 

7  10  " 

6 

6  33  ' 

16 

4  47  " 

26 

3  02  " 

7 

2  24  ' 

17 

10  34  " 

27 

8  48  " 

8 

8  11  ' 

18 

6  25  " 

28 

4  40  " 

9 

4  02  ' 

19 

2  16  " 

29 

10  26  " 

10 

9  49  ' 

20 

8  03  " 

30 

6  18  " 
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Jnpiter*B  Satellltea  for  April. 


Phases  of  the  Eclipses  of  the  Satellites  for  an  larerting  Telescope. 


III. 


'd  ? 


n. 

©.  -  s 

No  BcHpac 

ConSgaratioa  at  7"  ^r  an  Inverting  Telescope. 

D«y. 

Went                                                                    Salt. 

1 

1  |ol- 

4-                         -3          -2         O 

2| 

4-                                                    .Os      1            -2 

31 

■4                            r        0  2-                 -3 

*l 

■4                 2-                      O              -1                 3- 

51 

6| 

■4-1            0                  3- 
3-  -4"    O           1         2* 
3-               2-     -1        O                 -4 

■2« 

71 

81 

-3        -2                Ol-                                -4 

9| 

■3        O                     -2 

■4             •!• 

10  1 

1-       C     2-              -3 

-4 

"  121 

13  1 

2-                      O         -1                     -3 
1-                O                        3- 
"    3-  "o        V        2-        4-" 

4- 
4-                  -V* 

14 

1 

3-              .1           O            4- 
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Phenomena  of  Tnpiter*s  Satelllteik 

Central  Ttme. 

Apr.    1     5  ^  P.  M.  I  Tr.  In.                 Apr.  11     1  47  A.  m.  II  Sh.  In. 

6  54     "  I  "Sh.  In.  2  28      "  II  Tr.  Eg. 

8  08     "  I  "Tr.  Eg.  4  11     "  II  Sh.  Eg. 

9  07     "  I  Sh.  Eg.  11  47     "  I  Oc.  Dis. 

2  2  01  A.  K.  II  Oc.  Dw.  2  60  P.  u.  I  Ec.  Re. 
6  21  "  II  Ec.  Re.  12  8  56  A.  u.  I  Tr.  In. 
3  16  p.  M.  I  Oc.  Dis.  9  47     "  I  Sh.  In. 

6  26     "  I  'Ec.  Re.  11  09     "  I  Tr.  Eg. 

7  24     "  III  'Oc.  Dia.  12  00  u.  I  Sh.  Eg. 
9  37     "  III  Oc.  Re.  6  13  P.  M.  II  'Oc.  D«. 

11  32     "  III  Ec.  Dis.  10  17     "  II  Ec.  Re. 

3  1  24  A.  M.  Ill  Ec.  Re.  13     6  17  A.  M.  I  Oc.  Dii. 

12  25  P.  M.  I  Tr.  In.  9  19     "  I  Ec.  Re. 

1  23     "  I  Sh.  In.  2  05  P.  M.  Ill  Tr.  In. 

2  38     "  I  Tr.  Eg.  4  19     "  III  Tr.  Eg 

3  36     "  I  Sh.  Eg.  5  31     "  III  Sh.  In. 
9  14     "  11  Tr.  In.  7  38     "  III  *Sh.  Eg 

11  10     "  II  Sh.  In.  14     3  26  A.  M.  I  Tr.  In. 

11  40     "  II  Tr.  Eg.  4  16     "  I  Sh.  In. 
*     1  34  A.  M.  II  Sh.  Eg.  5  39     ;■  I  Jr.  Eg. 

9  46     "  I  Oc.  Dis.  6  29     "  I  Sh.  Eg. 

12  54  P.  M.  I  Ec.  Re.  1  26  p.  m.  II  Tr.  In. 

5  6  55  A.  M.  I  Tr.  In.  3  05  "  II  Sh.  In. 
7  51  '■  I  Sh.  In.  3  52  "  II  Tr.  Eg. 
9  08     '*  I  Tr.  Eg.  6  3()     "  II  Sh.  Eg. 

10  05     "  I  Sh.  Eg.  15  12  47  A.  H.  I  Oc.  Dia. 
3  25  p.  M.  II  Oc.  Di8.  3  47     "  I  Ec.  Re. 
7  39     "  II  *Ec.  Re.  9  56  p.  u.  I  Tr.  In. 

6  4  16  A.  M.  I  Oc.  Dis.  10. 44  "  I  Sh.  In. 
7  23  "  I  Ec.  Re.  16  12  10  a.  m.  I  Tr.  Eg. 
9  41     "  III  Tr.  In.  12  58     "  I  Sh.  Eg. 

11  54     "  III  Tr.  Eg.  7  37     "  II  Oc.  Dis. 

1  31  p.  K.  Ill  Sh.  In.  11  35     '■  II  Ec.  Re. 
3  36     '■  III  Sh.  Eg.  7  18  p.  M.  I  'Oc.  Dis. 

7  1  25  A.  M.  I  Tr.  In.  10  16     "  I  Ec.  Re. 

2  20     "  1  Sh.  In.  17     4  13  A.  M.  Ill  Oc.  Di«. 

3  38     "  I  Tr.  Eg.  6  28     "  III  Oc.  Re- 

4  34     "  I  Sh.  Eg.  7  34     "  III  Ec.  Dis. 
10  38     "  n  Tr.  In.  9  28     "  III  Ec.  Re. 

12  29  p.  M.  II  Sh.  In.  4  26  P.  H.  I  Tr.  In. 

1  04     "  II  Tr.  Eg.  5  13     "  I  Sh.  In. 

2  53     "  II  Sh.  Eg.  6  40     "  I  'Tr.  Eg. 
10  46     "  I  Oc.  Dis.  7  27     "  I  'Sh.  Eg. 

8  1  52  A. «.  I  Ec.  Re.  18     2  50  A.  H.  II  Tr.  In. 

7  55  p.  M.  I  "Tr.  In.  4  24     "  II  Sh.  In. 

8  49     "  1  Sh.  In.  5  17     "  II  Tr.  Eg. 

10  09     ■'  I  Tr.  Eg.  6  48     "  II  Sh.  Ep- 

11  03     "  1  Sh.  Eg.  1  48  P.  M.  I  Oc.  Dis, 

9  4  49  A.  M.  11  Oc.  Dis.  4  45  "  I  Ec.  Re. 
8  58     "  II  Ec.  Re.  19  10  57  A.  M.  I  Tr.  In. 

5  16  p.  M.  I  Oc.  Dia.  11  *2     "  I  Sh.  In. 
8  21     "  I  "Ec.  Re.  1   H  P-  "■  I  Tr.  Eg. 

11  48     "  III  Oc.  Dis.  1   55     "  I  Sh.  Eg. 

10  2  02  A.  M.  Ill  Oc.  Re.  9  02     "  II  Oc.  Dia. 

3  33     "  III  Ec.  Dis.  20  12  54  a.  u.  II  Ec.  Re. 
5  26     "  III  Ec.  Re.  8  18     "  I  Oc.  Dis. 

2  25  P.  M.  I  Tr.  In.  11   14     "  I  Ec.  Re. 

3  18     "  I  Sh.  In.  6  32  r.  M.  Ill  "Tr.  In. 

4  39     "  I  Tr.  Eg.  8  48     "  III  Tr.  Eg. 

5  31     "  I  Sh.  Eg.  9  34     "  III  Sh.  In. 

11  12  02  A.  M.  11  Tr.  In.  H  41     "  III  Sh.  Eg. 


360 
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Apr.  21 

5 

27  A.  H. 

6 

11  " 

7 

41  '■ 

8 

24  " 

4 

15  P.  u. 

5 

42   " 

6 

41   " 

8 

07   " 

22 

2 

49  A.  U. 

5 

43   " 

11 

57  p.  H. 

23 

12 

39  A.  u. 

2 

11  " 

2 

53  " 

10 

27  " 

2 

13  P.  M. 

9 

19  " 

24 

12 

11  A.  u. 

8 

40  " 

ID 

55  " 

11 

34  " 

1 

30  p.  M. 

6 

28   " 

7 

08   " 

8 

+2   " 

9 

22   " 

25 

5 

39  A.  M. 

7 

00   " 

R 

06   " 

9 

25   " 

a 

49  P.  H- 

Tr.  In. 

Sh.  In. 

Tr.  Ek. 

Sh.  Eg. 

Tr.  In. 

Sh.  In. 
II  •Tr.  Eg. 
II     SJi.  Eg. 

Oc.  Dis. 

Ec.  Re. 

Tr.  In. 

Sh.  In. 

Tr.  Eg. 

Sh.  Eg. 

Oc.  Dis. 

Ec.  Re. 

Oc.  Dis. 

Ec.  Re. 

Oc.  Dis. 

Oc.  Re. 

Ec.  Dis. 

Ec.  Re. 
I  *Tr.  In. 
1    "Sh.  In. 

Tr.  Eg. 

Sh.  Eg. 

Tr.  In. 

Sh.  In. 

Tr.  Eg. 

Sh.  Eg. 

Oc.  Dis. 


I 
I 
I 
I 
I 
I 

II 

II 

I 

I 

III 

III 

III 

III 


I 
I 

U 
II 
II 
II 
I 


Apr.  25  26 

40  P.H. 

I 

•He.  Re. 

26  12 

58  " 

I 

Tr.  In. 

1 

37  " 

I 

Sh.  In. 

3 

12   " 

I 

Tr.  Eg. 

3  50  " 

I 

Sh.  Ep. 
Oc.  Dis. 

11 

61   " 

II 

27  3 

31  A.  H 

11 

Be.  Re. 

10 

20  " 

I 

Oc.  Dis. 

I 

09  p.  M. 

I 

Ec.  Re. 

11 

00   " 

III 

Tr.  In. 

28  1 

16  A.  M. 

III 

Tr.  Eg. 

1 

34  " 

III 

Sh.  In. 

3 

43  " 

III 

Sh.  Eg. 

7 

29  " 

I 

Tr.  In. 

8 

06   '• 

I 

Sh.  In. 

0 

43   " 

I 

Tr.  Eg. 

10 

19   " 

I 

Sh.  Eg. 

7 

04  P.  H. 

11 

"Tr.  In. 

8 

18   " 

II 

Sh.  In. 

9 

31   " 

II 

Tr.  Eg. 

10 

43  " 

II 

Sh.  Eg. 
Oc.  D«. 

29  4 

50  A.  11. 

I 

7 

38   " 

I 

Ec.  Re. 

30  I 

59  " 

1 

Tr.  In. 

2 

34  " 

I 

Sh.  In. 

4 

13   " 

I 

Tr.  Ee 

4 

48  " 

I 

Sh.  Bg. 
Oc.  Dis. 

1 

17  P.  M. 

11 

4 

50  " 

11 

Ec.  Re. 

11 

21  ** 

I 

Oc.  Db. 

May  1  2 

06  A.  u. 

I 

Be.  Re. 

NoTB. — In.  denotes  IngreHs;  Eg.,  egress;  Dis.,  disappearance;  Re-,  reappear- 
ance;_Bc.,  eclipse.  Oc.  denotes  occultation;  Tr.,  transit  of  the  satellite;  Sh., 
transit  of  the  shadow ;  *  Visible  at  Washington. 


Annular  Bcllpse  of  the  Snn,  April  6,  1894-.— This  will  not  be  Tii^le 
in  the  United  States.  The  path  of  the  annular  eclipse  passes  from  a  point  in  the 
Pcnian  Gnlf,  across  Hindostan  and  China,  along  the  cast  coast  of  Siberia,  end- 
Alaska.     It  will  be  visible  as  a  partial  cclinse  throusliowt  Asia,  north^^ast- 
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Blongatlona  of  the  Satellites  of  Saturn. 

[In  the  diagram  the  pomts  marked  0  are  those  of  eaBtem  elongation  of  the 
sereral  sateUitei.  Their  positions  at  intcrralB  of  one  day  after  eacteni  dot^gSp 
tion  are  indicated  by  the  symbols  Id,  2d,  etc.] 


Diagram  of  the  Apparent  Orbits  of  Saturn's  Satellites: 


Apr. 


MIMAS. 

ENCELADUS  CoNT. 

DIONB  CoNT. 

h 

h 

h 

4 

2.7  A. 

u. 

E 

Apr 

9 

8.7 

A.    M. 

E 

Apr 

11 

12.9  A.   M. 

B 

5 

1.3 

a 

E 

10 

5.5 

P.    M. 

B 

13 

6.6  P.  u. 

B 

5 

11.9  p. 

u. 

E 

12 

2.4 

A.    H. 

B 

16 

13.3      " 

B 

6 

10.5 

i 

B 

13 

11.3 

II 

B 

19 

6.0   A.    M. 

B 

7 

9.1 

' 

B 

14 

8.2 

ii 

E 

21 

11.6   P.    M. 

B 

8 

7.7 

t 

E 

16 

5.1 

A.    H. 

E 

24 

6.3      " 

B 

9 

6.3 

> 

B 

17 

1.9 

P.    K. 

E 

27 

11.0   A.    U. 

B 

10 

4.9 

1 

E 

18 

10.8 

" 

B 

30 

4.7      " 

B 

11 

3.5 

' 

E 

20 

7.7 

A.    H. 

E 

RHEA. 

12 

2.9  A. 

H. 

W 

21 

4.6 

P.    M. 

E 

13 

1.5 

' 

W 

23 

1.5 

A.    H. 

E 

Apr. 

3 

12.6  X.  M. 

B 

14 

12.1 

( 

w 

24 

10.3 

14 

E 

7 

1.0    P.    H. 

B 

14 

10.8   p. 

M. 

w 

25 

7.2 

P.    H. 

E 

12 

1.4  A.  U. 

B 

15 

9.4 

( 

w 

27 

4.1 

A.    M. 

B 

16 

1.7  P.  K. 

B 

16 

8.0 

■ 

w 

28 

1.0 

P.    H. 

B 

21 

2.1    A.    M. 

I 

17 

6.6 

' 

w 

29 

9.9 

ti 

B 

26 

2.6  P.  M. 

I 

18 

5.2 

( 

w 

TETHYS. 

30 

2.9    A,    M. 

I 

il 

__3.S 

w 

Apr 

1 

4.7 

P.   is. 

E 

TITAN. 

■ 

^Hl 

n 

^^ 

_3 

2.0 

" 

B 

Apr 

'l 

5.4  A,  ic. 

■ 

^^^^1 

■ 

^^1 

^^1 

^H 

IfeA 

^J^^ 

_E 

S 

8.4      " 
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Minima  of  Variable  StaJ-a  of  the  Aigfol  Type. 

[OlTcn  to  the  neamt  hotir  In  Cratml  atandHrd  Time] 


U  CBPHBI. 

B.  A. 

ifi  52"  82» 

Decl. 

+81°    17' 

Period 

2d  ll^'SO" 

Apr.     2 

6a.h. 

4 

4  p.  u. 

7 

4  a.  h- 

9 

4  p.  u. 

12 

4  a.  m. 

14 

4  p.  U. 

17 

3  a.m. 

19 

3  p.  M . 

22 

3  a.m. 

24- 

3  P.M. 

27 

3  a.  m. 

29 

3  p.  M. 

ALGOL. 

S  CANCRI. 

R.  A 8'' 37"' 39' 

Decl +  19"  26' 

Period 9d  11"  38" 

Apr.     3       12  mido. 

13        12  noon. 

23        12  midn. 

S  ANTLI^. 
(Bvery  third  •ninlmnm.) 

R.  A 9"  27"  30- 

Decl —  28°    08' 

Period Od  7**  47" 


U    CORONA. 

R.  A 15"  13"  43* 

Decl -H32°03' 

Period SdlO"  51" 

Apr,     4  3  A.  M. 


7 
11 

14 
17 
21 
24 
28 


2  P.M. 
1  A.  H. 

1 2  Doon 

10  p.  u. 

9  a.  h. 

8  P.  M. 
7  A.  H. 


Apr. 


R.  A 3"    1"     1' 

Decl +  40"   32' 

Period 2d  20"  49" 


Apr.     3 

8  P.  M. 

6 

S    " 

9 

2    •* 

12 

11  A.  H. 

15 

8     " 

18 

4     " 

21 

1     " 

23 

10  P.  M. 

26 

7     " 

R  CANIS  MAJORIS. 

K.  A 

....  7"  14"  30" 

Decl 

....—  16°      11' 

.  ..Id    3"  16" 

Apr.     1 

2  P.M. 

2 

5     " 

3 

9     " 

4 

12  midn. 

6 

3  a.m. 

7 

6     " 

8 

10     " 

9 

1  P.  M. 

10 

4     " 

11 

8      " 

12 

11      " 

14 

2  A.M. 

IS 

5     " 

16 

8     " 

17 

12  noon. 

18 

3  p.  M. 

19 

6     " 

20 

10     " 

22 

1  A.  M. 

23 

4     " 

24 

7     " 

2!5 

11      " 

26 

3  V.  M. 

27 

5     " 

28 

8     *■ 

29 

12  midn. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


8  p.m. 
7  " 

7  " 

6  " 

5  " 
4  " 
4  " 

3  " 
2  " 

2  " 

1  " 
12  noon. 
12  noon. 
10  A.  M. 

4  " 
10  " 

9  " 
9  " 

8  " 

7  •' 
7  ■■ 

6  " 

5  " 
5  " 
4  " 

3  " 
3  " 

2  " 
1  " 
1  " 


U  OPHIUCHI. 


S  LIBR^. 

R.  A 14"  55"  06' 

Decl -     8<»05' 

Period 2d07''51" 

Apr. 


2 

7  P.  M. 

5 

3  A.  M. 

7 

11       " 

9 

7  p.  M. 

12 

3  A.  M. 

14 

10     " 

16 

6  P.  M. 

19 

2  A.  M. 

21 

10    ■' 

23 

6  p.  M. 

26 

2  a.  M. 

2S 

10    " 

30 

6  p.  M. 

R.  A 

Decl 

Period 

Apr.     1 

2 

2 

3 

4 

5 

6 

7 

7 

8 

9 

10 

11 

12 

12 

13 

14 

15 

16 

17 

18 

18 

19 

20 

21 

21 

23 

23 

24 

25 

26 

27 

28 

28 

29 

30 


,..17"  10"  56» 
...    +    1''20' 
...  0d20"08» 
6  a.  m. 

2  " 

10  P.  M. 

6  " 
1     " 

11  A.  U. 

7  " 

3  " 

11  p. M. 

8  " 

4  " 

12  noon 
8  a.m. 
4     " 

12  midn. 

8  P.M. 

4  " 
I     " 

9  A.  M. 

5  " 
1     " 

9  p.  M. 

5  " 

1  " 

9  a.  U. 

6  '■ 

2  " 

10  P.M. 

6     " 
2     " 

10  A.  M. 

6  " 

2  '■ 

11  P.  M. 

7  " 

3  " 


Y  CYGNL 

R.  A 20^47"  40* 

Decl +34"  15' 

Period Id  11"  57- 

Apr.     1  1  p.  M. 

3  lA.  u. 

4  1  P.  M. 
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Planet  Tabfea. 


Y  CYGNI  CoNT. 

Apr.  6 

1  A.  H. 

7 

1  p.  11. 

9 

1a.m. 

10 

1  p.  M. 

12 

1  A.  M. 

13 

1   P.  U. 

Y  CYGNI  CoNT. 


Apr.  15 
16 

18 
19 
21 

22 


lA.  H. 

1  P.  U. 
1  A.  If. 
I  P.  U. 
1  A.M. 
1  P.  M. 


Y  CYGNI  COKT, 

Apr.  24 

1  A. 

M, 

25 

iP. 

H. 

27 

1  A. 

M. 

28 

1  P. 

H. 

30 

1  A. 

M. 

Phases  and  Aspects  of  the  Moon. 

Central  Time. 


New  Moon Apr. 

Perigee " 

First  Quarter " 

Full  Moon 

Apogte 

Last  Quarter " 


d 
5 
10 
12 
19 
26 
27 


h  m 
10  00 
9  40 
6  32 
9  02 
1  55 
9  21 


P.  M. 
P.  M. 
P.  H. 
P.  it. 
A.  H. 
P.  U. 


Occnltattons  Visible  at  Washlngpton. 

IMMERSION  BMBRSION 

Date                  Star's            Maxnl-    WashlnK-  Anjtle       WaahtiiK-    AukU 

189^                 N&iu«.             tude.        ton  h.  t.  f 'm  N  pt.  ton  if.  t.  f 'm  N  pt.  Dar«tioB. 

hm  *              hni             °            hm 

Apr.       8    9Taari 7           8    17  74          9    12       266       0    55 

10    136  Tauri 6        12    36  160       12    55       200       0    20 

12    <B*  Cancri 6         12    57  65        13    22       333       0    25 


Maxima  and  Minima  of  Variable  Stars. 


April 


1 
2 
10 
11 
12 
14 
16 
18 
20 


Maxima 
R  Herculis 
U  Virginia 
R  Arietis 

V  Leoiiis 
X  Scorpii 

V  Caprice  mi 
L*  Pappis 

V  Capncortii 
U  Capricortii 


April 


6 

5 
6 
13 
15 
15 
18 
19 
23 


Minima 

X  Bootis 

W  Scorpii 

S  Cygni 

R  Canum  Ven. 

U  Monocerotia 

U  Bootis 

S  Urss  Maj. 

R  Lvrte 

R  V'nee  Maj. 


«al  wHb  (89)  Jnlia-    T  toofc  tvrn  [vrccautmn  in  order  to  avoiil  similar  errors  tn 
rompatiag  tlie  date*  of  oppokitions  for  1H94,  bat  it  is  iinp(»8sih1e  to  vouch  for  the 
OACtoeM  of  all  of  '2-M1  c|»bcnicridc»,  oiily  eo  of  wliieli  arc  o.mpiilcd  iti  diiplicite. 
"The  later  planet*  of  1803  rccnTC  the  following  ntimbers. 

iHMoitnA  by 

Cbarloia 


1803 


AJ  =  373 
AK=:374 
A  L,  =  375 
AM  — 376 
AN-  3V7 
AP=378 


Sept.  IB 
Sept.  18 
Sept.  18 
Sept.  18 
Sept.  20 
Dec.     fl 


"The  aanie*Ctmiitcu,'cfao»eriat  the  ustrunuiiiicnl  CouKreiwfor  a  minor  planet, 
hm  been  cotifrrred  bv  Profreeor  M.  Wnll  upon  the  planet  ( 33+).  This  planel  pre- 
«cali  a  Roo^  mcno*  of  determining  the  tnawt  oTJuiriter.  It  midcrgoca  Tcry  re- 
fsarkflblc  pMtuihatioiM  bjr  that  Rrtat  planet.  Th«  planets  (ir>3)  Hilda,  (lOD) 
Imnene,  <Uifl)  Thnlr  and  (3(11)  nre  ahio  expoiwd  to  cooaidcrahic  pert urliati una, 
bat  aaly  in  fntarc  tinrn.  A  coiijnnction  of  Uildn  and  Jnpiter  vomc  >-«in*  ago 
eoinddeil  with  the  (•eiihelioti  tMissaj|{c  of  UDda  so  that  tlw  distance  of  tiK  two 
bedieF  haa  iKTn  nt  □  mnximnm. 

"1  find  that  the  Watson  planet  (ITS)  Andromacbe,  Tediscovercd  in  1MU3  hy 
Cbarlftt*  and  phoio;n''*ph«-d  in  1802  by  Wolf,  was  in  proiimitr  lojupiter  m  1886 
•S7,  being  ncnr  aplirlion  and  moving  verjr  sIowIt.  .\s  the  period  uf  (175)  in  near- 
ly one-half  of  that  of  Jupiter  that  conjonction  will  be  reiicMtcil  crery  11-12 
year*,  in  about  tlie  same  position.  Tbc  edeet  will  be  a  retardation  of  ttie  mean 
aotioB,  probably  of  lar^iunount.  t  think  lite  moderately  dtKlunt  planets  are 
of  jj^rrater  Talur  Fnr  the  dctcrminalton  uf  Jnpiler'K  niiiMi  than  th<>*e  very  mnote, 
lAc  Ilildn,  Hincc  the  ronjanrtinns  with  Jupiter  ncc  much  mon*  frequent.  Thus  in 
unc  L-entury  we  niu;  obccnre  8  ef^njuuclions  ol  Andromnvhe  but  only  1  of  Hilda, 
mnd  scarecly  3  of  Tbnic.  with  Japitcr." 


Kpfcemetii  ol  Comet  c  i<«3  (BtooIcb).— Prom  I)r.   Kmcs«"s  elemenU  I  have 
cumpDtcd  the  followini;  ephemerie  of  Comet  Broohs. 


Ams. 


M-T. 

App.  R.  A. 

App. 

Dec. 

I<osr 

1^4              H 

SM 

b 

m 

• 

• 

t 

^^H 

»-5 

0 

S7 

6 

+  55 

<9 

0.4318 

0.4648            ^M 

*-5 

0 

5» 

4ft 

55 

II 

^^M 

3-5 

0 

30 

5S 

3 

^^ 

4.J 

3 

10 

54 

a 

l:\ 

1 

4** 

S4 

a  4398 

0-4W5 

5 

36 

54 

3» 

U 

I 

J 

54 

31 

50 

54 

M 

9.5 

10 

14 

54 

17 

0'44n 

0.4936 

io.5 

II 

47 

54 

tt 

11.5 

n 

to 

54 

6 

li-S 

■4 

a 

54 

0 

•J  5 

16 

at, 

53 

54 

0-4S5' 

0.5066 

i+-5 

tS 

J 

S3 

5» 

IS-5 

19 

^5 

53 

46 

i^i 

31 

53 

4S 

'IS 

31 

3» 

53 

3« 

0^600 

0.51 6S 

IH.S 

M 

2 

53 

19 

»f-S 

U 

11 

53 

11 

JO.S 

44 

53 

'3 

1 
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News  and  Notes. 


G.  M.  T. 

App.  R.  A. 

1894 

b 

m      ■ 

21. S 

28       6 

32-5 

29     24 

23-5 

30     43 

24-5 

32     It 

35.5 

33    38 

26.5 

35      0 

27-S 

36    21 

28-5 

37    43 

29-5 

39      2 

30-5 

40    21 

31-5 

41     39 

App.  Dec. 

Logr 

S3      5 

0.469s 

52     55 

52      42 

52     31 

52     19 

0.476s 

52      9 

5'     58 

5'     48 

51     37 

0.4834 

5'     27  , 

4-5t     17 

0.5290 

0-5348 


Harvard  College  Observatory,  Feb.  I*,  1894. 


U.  C.  WENDELL. 


Biilliant  Meteor. — A  large  ball  of  fire  supposed  to  be  a  meteor  was  seea  bere 
February  16th,  7:45  p.  M.,  standard  time.  The  strange  sight  waa  ^tnessed  bT* 
a  great  many  people  all  agreeing  that  the  meteor  appeared  to  start  in  the  western 
heavens,  near  the  horizon  and  traveled  in  a  northwesterly  direction  until  it  dis- 
appeared. 

Some  observers  claim  that  the  ball  after  travelling  some  distance  broke,  one 
piece  going  toward  the  grotind,  the  other  continuing  in  a  straight  course  for 
several  seconds.  I  was  not  fortunate  enough  myself  to  witness  the  display,  con- 
sequently cannot  vouch  for  the  direction  and  duration  of  flight,  but  must  be  coo- 
tent  with  the  testimony  of  others.  chas.  e.  hvbrs. 

Canton,  Ohio,  Feb.  17th,  1894. 


NEWS  AND  NOTES. 


Di.  See's  Resesrches  on  the  Dibit  of  a  Centaui.— The  Monthly  Notices  of  the 
Royal  Astronomical  Society  for  December  contains  a  new  and  important  investi- 
gation of  the  orbit  of  a  Centauri  by  Dr.  T.  J.  J.  See,  who  has  collected  Jrom 
original  sottrces  all  the  observations  from  the  earliest  times  to  the  present  date, 


Apparent  Oriut. 

I/cnf(th  of  niJijor  <ixw  =  S2".S0 

L.cnj;tlt  of  minor  nxis  ^    9  .16 

AduIc  or  umjoT  Aita  =  27^.2 

An^Ic  of  pcHaatrao  ^  38  .0 

Diitonce  orxfr  from  centre  ^  S^.Q* 

A  bcantlfal  QlustratioQ  of  the  appareitt  orbit  accompanies  the  paprr.  antl  tbo 
antbor  al»o  givni  a  comparison  of  the  computed  und  o)»ervetl  plai-cs,  which 
tbowaavcnr  good  agrcrmmt.  Vt.  See  finds  by  means  of  liis  clenirnca  and  the 
poraltav  "f  '•Ul  und  lilkifi  ((>".7o}  thnt  the  iwmi-mainr  axis  of  itie  orhil  of  a  Ccn- 
' '  lulroiiomical  units;  so  that  tlie  companion  raovni  in  nil  orbit 
M:  '  1 1  n  menu  bet«-<mi  tho»e  af  the  planctn  franus  and  NcpLUnc,  Imt  the 

Rrmtridty  ie  so  high  thatia  pcriastron  the  dislBiice  (11.3)  hut  little  sorpasses 
,t)tat  of  Saiom,  while  in  npastron  it  eonsiderablr  »ariias»es  the  distance  of  Krp- 
lune  from  tbc  Sun,  hecoimoK  3^-0  astronomical  unita.    The  anlhor  finds  the  eotn- 
jna*»  of  the  tvf  o  comjioitcnts  of  a  Ccntnori  to  be  1.90S  times  the  ma»9  of 
Kiin  nnil  I^rth,  and  vnltn  nLlctilioD  to  tile  desirability  of  dcterminintj  thcrels* 
tre  masses  of  tlic  two  oomponents.  for  tbe  hgltt  the  result  would  throw  upon 
Ibecovmogony  of  tlouUle-siurs. 
Dr.  dec  expresses  hi*  vrnrm  thanks  to  the  ubscrvem  in  the  Sonthem  hemisphere 
Meurs.  Tebbiitt,  E'ickcring.  Douglass,  Kusscll.  Srllors,  Gill  and   I-inlay— for 
riau  setsof  mctisiircsfspTT»«l,»  for  the  [irescnt  mtearch  :  also  to  Herr  Lundcn- 
^ilOTfl  of  Ucrlin,  und  to  Prnfessor  Barulinin  and  Mr.  Foley  of  Chicago  for  kindly 
liatxincr  in  tbc  iavestigatiua.    la  conclutioo  Ik  refers  to  tbc  recent  elements  by 
Ir.  A.  W.  KobcrtH  in  the  Aatronontiacbe  Nmehrkbtta,  No.  3175,  which  arc: 


T 

=  ltt7S.7lS 

P 

=  81.185  year* 

c 

=  0.52865 

A 

=  52°     0'  58" 

/ 

=  ?»    21    30 

a 

=  23      fl   50(11100) 

m 

=  I7".71 

It  In  thuff  Seen  that  Dr.  See  and  Mr.  Roberts,  working  independently,  by  dlRer- 
it  methods,  have  arrived  at  elemcnu  which  arc  very  nearly  tite  same,  oud  hence 
bcrecan  hardly  be  a  donbt  but  that  the  orbit  of  a  Centattri,   whkh  has  lieeii 
Eherlo  uncertain  {tbe  periods  obtained  ranfcin^  from  77  to  88  yean),  is  now  the 
lie«t.  determined  of  any  known  double  star      If  nny  correcctnn  to  Dr.  See's  ele> 
kU  should  in  the  counte  ol  time  be  found  desiraUc.  it  seems  that  ibcy  woald 
tMiwtsly  lie  >-ery  small. 


The  Solar  Iniaee  BeSKted  In  the  Seas  ol  Mars.— M.  Flammarion  (La  Plunete 
[isn.  p.  2:^0)  spciiks  nf  the  possilMlily  of  M.'ein;(;  tlic  imax^  of  the  Sun  reflected  in 
S^jLs  of  Mars.  He  estimates  that  in  lavorfihle  urcuniatancr^  it  might  appear 
ke  s  star  ofthe  3rd  magnitude,  but  be  adds  that  this  implies  thiit  the  surface  of 
Ike  SCO  should  be  as  cHlm  as  a  mirror.  I  have  gone  over  M.  Plamraarion's  cu]cu- 
hLi*>n.  It  seems  to  me  that  the  allowance  he  hns  made  (or  absorption  of  light  in 
Hm  (Joiible  (ussagc  throtixh  the  Martian  atmosphere,  is  probably  iiisaflictent,  and 
\t.     St  would  more  hkrty  \w  of  tbc  4tb  ina];nitndc. 


ttlmt  lie  Bays  witii  regard  to  llic  calinncsii  irf  tl>c  »ca,  »  of  cottnr  tntc,  bttl 
the  area  of  «c«  confrmcd  in  forming  the  treiitg*'  would  only  be  «  circle  of  nbant  7 
lollcfl  diaiDctcr:  and  remembering  that  tlic  windb  of  Mars  arc  irrobabljr  muctl 
weaker  tltAn  auru,  H.  does  not  seem  so  unUkelv  thnt  thisi  eitcnt  may  be  xodurtnaes 
ealm. 

It  scrmft  to  me  that  the  Ka»oa  tbi»  image  ha»  nut  hitherto  bccti  olMK-rved.  it 
not  improbalily  IkccnuK  it  has  not  been  systcniHticallr  nnd  propcily  looked  Tor. 
Wc  mtot  rvmcnihcr  thiit  At  :i  ^vm  instant  it  L'an  only  he  t'orm^il  Ht  »  luirticnlur 
pnint  of  the  disc,  and  if  at  tbis  instBnt  this  point  is  occu|iici1  by  a  [lortion  of  the 
saffoce  ini-aivible  of  sjiw-wlar  reflation,  ho  jmaKe  c«ii  be  fomie'] 

Now  only  ■  very  small  portion  of  the  surfatt  appcarB  to  be  «i  capable.  Thr 
land,  of  courae,  is  not;  mid  if  PrnfcMor  Ptrkerin)^  is  right,  the  majority  of  thr 
•o-cAllcd  seaa  are  land.  I  think  it  ia  more  likHy  that  the  arcaa  of  grcenbh  tint. 
Ktuerally  called  »ca,  but  rrganled  aa  land  by  ProfesHOf  Pickeriiig,  are  really  »ctL, 
but  very  sbnllow  and  choked  up  with  rocks  and  small  isiancl».  In  this  csm  oIki 
thry  would  be  unfit  tn  torm  nn  imnge. 

So,  I  think,  we  could  only  expect  it  in  the  two  artrAs  regarded  as  sen  by  Prc^ 
(t*»or  Pickering,  vix.,  HerMrhel  II  Strait,  and  part  of  the  Hour-}{la&>  Sea. 

The  time  when  an  ima)^  coidd  L>e  expected  in  thcue  scoa  cotdd  be  eomljr  calra* 
enlated  Iteforehand,  and  it  miftht  tl>cn  be  looked  for. 

To  prevent  the  brilliancy  of  the  mst  of  ibc  diK  from  uvcrpuwi-rinj;  the  Iigbt,  I 
woald  Buggeit  that  n  diaphragm  with  a  small  bole  in  it  be  employed. 

Obviously  the  point  of  tbc  disc  where  it  should  be  formed,  is  exactly  midway 
between  the  ecntre  of  the  disc  and  the  centre  of  the  illuminBted  hemisphere.  In 
itaclf.  this  observation  is  not  very  important,  but  it  wonlil  itrfiHileiy  setUc  the 
'(iKstion  whether  the  bright  or  dark  markings  arc  seas, 

Of  course,  if  tl>e  sea  wns  perfrc(/r  calm,  this  imnffe  should  be  inmll,  rvf;ular 
and  sinrlikc.  And.  in  that  caac,  it  could  hardly  hare  escapes)  notK-e,  even  if  coi 
sidemhiy  I>clow  the  +th  magnitude:  hut  evidently  pcrleet  cnlmnesn  mnst  br 
iwafll.  With  wares  fo)lowin;{  one  another  regularly,  it  would  Ik  elongated  into 
n  irtreak.  little  more  than  7  miles  wide,  nnd  100  or  more  miles  long.  With  irrei^u- 
lar  ripples,  it  would  apiwnr  nebulous,  but  even  then  it  might  be  visible  if  properly 
looked  fur. 

I  have  made  a  rough  calculutiout  with  the  resnit  that  1  doabt  if  this  can  be 
effectively  tested  at  the  next  opf>ointion.  Throughout  this,  tlic  Hartli,  as  (wen 
from  Mars,  will  have  n  high  southerly  clecliaation.  and  the  Sun  being  far  south, 
itlsii,  the  spot  on  the  diiw.-  where  the  image  could  W  formed  will  be  much  tcM>  far 
south  for  cither  of  the  sens  in  (question.  It  is  not  till  the  Sun  nears  the  eriuator, 
that  it  can  lull  even  in  HcrKhel  11  Strait,  nod  this  will  not  l>e  till  nearly  ilic  end 
of  January,  when  the  planet's  distance  from  us  will  he  coasidcrable,  and  the 
im/ige  if  formMl,  correspondingly  feeble. 

IMtring  the  two  montiis  before  and  after  the  opposition,  the  locoa  trill  tra- 
verse H  belt  crossing  Maraldi,  Hookc  and  Tei'by  Seas. 

It  might,  perhaps,  lie  worth  while  to  look  fur  the  reflection  in  those  Seas,  on 
the  chance  thai  they  may  be  water.  j.  h.  holt. 

tf  Karringtun  St.,  Dublin,  Irrland. 


The  CoDsUQt  of  Aberration.— In  Bulletin  So,  38  of  the  V.  8.  C.  and  G-  Sur- 
vey, Mr.  Preston  gives  a  detailed  discussion  ol  the  observations  made  at  Waikiki. 
H.  I.,  by  which  n  correction  i.i  sought  for  the  commonly  accepted  values  of  tbc 
constant  of  aberration  <20"44G).     Mr.  Preston  sars  io  closing  that  the  dc&ni- 


tit*  ttanlt  of  tliirrDnstniit  or'  alwrrotion  from  the  Intitni1«  otMirrTntinnfl  of  lft9l- 
18112,  mBif\t  at  Wnikiki.  Hnwaiinn  litlands,  on  the  part  uf  tbr  tTnitcd  States 
CoAst  and  Cleodrtic  Surrcr.  is  tlicrefore 

Constant  nl  aberration  ■=  20".+33  i  a".03+. 
TWii  vnlur  of  tlw  wlicrratiort  cnn«lnnt,  combined  with  tlie  latest  dctcrniina- 
of  the  Telo<U.v  of  Ji^tlti  (V  =-  180.330  mile*)  nnil  ClorWs  vnloc  for  tlw 
Garth's  nulins  (R  =  :t96;i';iu  mile«>,  givvn  the  Sun's  distance  and  c<|uatnn»l  liori- 
■ontal  [laraHax  as  ^lluws: 

l>i«t«iKe  =  93.7(n>,U00  nrilm. 
Parallax  =  8".83. 

II.  A.  N.  in  Matvh  Ant.  Jour.  Sekaee- 


Tht  Dawn  of  AstroBomy,— Mr,  !■  Sorman  Lnckycr  Ims  itist  written  a  book 
votitkd.  The  Dswn  ftf  Astroaomy.  tl  b  published  by  Mesare  Mocmillan  He  Com- 
panir,  I^hhIhii  iirnl  New  Vork,  in  nea.t  and  iittmcltve  form,  with  large  pn^.dean 
tjrpc.  wide  nitirsin.  vcrr  h<ror.v  paper,  1^1  fine  illuatratioiui  nml  a  contcul»  of  425 

Itoniij;  tbe  last  three  years  the  author  has  been  {ndnstrJously  gatlierine  faets 
aud  malciiii;  u  «tud>-  of  them  tliat  iiertuin  e»pe«aH>-  to  the  umpic  wor«bip  and 
te  mythology  of  the  corly  GgyptianK,  in  order  to  lenni  ns  mtieh  as  pnsaibic 
lat  their  nslronomti-al  views.  lie  wno  led  10  this  study,  hy  an  incident  while 
na  a  vi^it  to  the  riiin*  of  the  t'nrtWnnn  in  IMIX).  The  ctinnu*  direction  in  which 
Ibc  f'lirthciion  wn*  liitill  and  al;)*:!  tlicmany  chani{CH  in  dirrction  in  Lbc  fijundn* 
tion^  nt  EloiioiH  rcTcaled  by  I*rrnch  excavattotu  were  fntrt«  that  awakened  intcr- 
m  and  Miggrsteil  the  query,  whether  or  not.  the  choice  oftheAc  various  directions 
in  which  ancient  temples  should  face,  had  its  origin  in  importnut  ascrunomical 
(act*.  If  an  what  were  the  ilire^tionn  and  whnt  llie  celestial  objects  to  which 
tbey  were  de«licatei1 .' 

V\mn  ini|Ltirr  it  wrk  learned  that  bnt  «<^anly  infunnolion  eould  Ik  firnnd  to 
answrr  •luch  <)uestion9  in  rvtatinn  to  Lite  ancient  temples,  for  scarcely  anything  of 
the  Vinri  wa!"  known  even  in  regard  to  churclirx  mitside  of  Knglnnd  and  nerm.iny, 
Howrcrrr.  later  it  was  learned  Dial  f'rufcasor  >Ci!iscn  of  Itcrmnny  had  pnb 
linhnf  «rjme  papmi  on  the  orientation  of  tlie  ancient  E?gy])l)iiti  lmipk-?i,  and  tliesc 
with  ixvded  information  given  by  arvheologiral  friends  opened  the  way  for  futvnr 
work  o(  nn  impnriaut  kind.  These  nn«ieal  temple  Nites  shnuld  be  accurately 
smrcyrd.  natroaomers  shonld  furnish  luhles  of  the  |ilnces  of  nuiny  stars  reaching 
bach  7.0IN)  li.  C.,  and  the  Bgi-ptologist  should  rend  iuKriptions  for  snggmtions. 
tht-K  thfer  diflrrrtit  Tines  ol  <tludy  titerc  seemed  tO  be  ia  (he  outiict  much  of 
■omiic  and  cmuTiU'ralile  Itao  already  l>eeii  tcnlixed  a*  in  shown  in  tlic  cuntcnUi  of 
\im  iMxifc. 

Tlw  author  t>cgins  ibe  first  chapter  with  the  worship  of  the  Sun  and   ttie 
iwn  by  ihc  first  ctviluui lions  which  archcolitgisut  place  in  the  >rilr  valley  and 
Jfaemt   conntrir*  in  vrcstrm  Asia.     Twit  other  ciriliaations  of  biter  time  and 
ermt  type  wen  India  and  China,  with  paper  records  but  no  monnmnits  of 
(h  AniM|iitty.for.  i>n  llic  authority  of  Max  MOIIer   wr  munt   believe  that  the 
known  temples  »f  India  arc  rclntivcly  of  modem  origin. 

If  we  can  i:<t  back  in  Chirm's  aiul  India's  history  44JI>0  years  and  hy  Baby- 
Ionian  tnlitcistjfKIO  years,  those  of  I^gypt.  as  estimated  by  various  authors,  will 
irry  a*  butk  tMiHi)  or  70U0  years.  Si)  it  i»  well,  if  ijoasihle.  to  get  first  glimpsca 
I^ICM)'i'<i>  Antriynomy  am]  ihene  an-  shown  l>y  tltr  kowlla  Stmte,  the  lemplcs 
of  BdA  and  Pcnikrah  with  its  tdtvulnr  n>dliK,  and  the  Bgyptian  Pantbcon  and 


the  tablet  of  kitif^  at  Abyilog.  and  tlir^iujih  tlieac  and  oumcrDUM  olhrrs  like  Lliem 
to  team  of  the  early  worship  aiid  the  studv  of  ibc  itan  nccotiiimnyinn  it  Chap- 
ters four,  live  and  six  cs|ttntii,  in  popular  way,  clctncntal  ideas  ot  astronomy,  and 
chnjiter  K-vrtt  ttjieakH  iil'  (Ik-  iiirthndH  of  det<:rmtninf{  tbe  orientation  of  tcni|jle>, 
llivms  iltiiiit rations  of  instruments  used,  niapsol  magnetic  variation.  The  carli- 
eit  solnr  sliriues  of  Egypt  ore  luUy  iUusuated  nud  the  principal  ones  are  lUnt 
Ab^dos,  Ann,  C^iUossion  the  plains  uf  Tbebcs,  Gitch  and  one  near  the  Sphti 
Other  similar  •brines  cisevrhercnn- niao  d^M:rihed,  such  as  the  Pckin  Sun  tcm| 
Ibe  temple  at  jcrusnieni.  St.  I*eter'sat  Koine  and  (tint  at  Kixmak. 

Nest  in  considered  tbc  riiiiUK  and  setting  of  ll»c  stars,  the  Bcypliaii  hcnrnu. 
mid  mure  fully  tbe  sodince  of  IVnderab,  the  eireitiii polar  ''ooKtcllntioith  and  tbe 
myth  of  lloriL'i- 

In  the  tifieeiith  ebaptcr  tbc  lemplea  dedicated  tu  the  stan  are  preacotcd, 
furtbt-rin{iiiir)e9  mndceonveminf;  thcni  nnd  tlic  Hiitcriptions  fiiiiiid  in  eunnrvlif 
witli  tt>e  rnin?).  followed  by  n  s|KciRl  study  made  of  the  Aar  temple  at  Kfu-ni 
Later  cbapter*  of  special  interest  are  thr»e  concenting  th«  Kgyptinn  yeor  and 
Nile,  tbc  Euphrates  ^ods  and  iIk  Nile,  the  vagac  and  Syrian  yeHTv.  tbe  L'atendl 
and  its  rcvi'.iion,  the  fixed  year  and  festival  catendarB,  tbc  my  thol{»Ky  of  Isbi  and 
OtvihK.  theearlir  tcmpb  and  great  pyramid  bnilders, north  nnd  smith  Mur  temples, 
tlic  ori;;in  of  Egyptian  astronomy  under  tiie  nume  of  the  northern  acltools,  and 
aImi  ander  the  T1ielK-«  M.'lio'd.f'vnei-sil  c>m'lii«iori«  .im  to  Ibe  north  utid  Month  rnees, 
lliv  K^ypttHn  atiil  Haliyloniiin  eelijitte  eniistelliilioni,  and  the  iufliietHT  o(  IvKypl 
M|jon  temple  orientation  in  Greeve. 

This  imporiiini  liook  opens  a  new  field  for  work  in  the  early  Iibtory  of . 
Ironom;. 


Pbotostsphlc  CtiAit  of  the  Slcy.— Vol.  II.  part  II.  of  tlie  "  Balletin  du  Comitr 
iattmationat permanent."  containa  tntpoiiant  mcmiora  by  Messri.  KAjittya  aad 
Loewy,  tbc  foniKTr  ou  "Syntcmntic  diflrrencr  between  the  pbotograpbic  and 
viaaal  ina|;nitiiries  of  stars  in  dillirrrnt  regions  of  tbc  sky,"  the  latter  a  wecood 
paper  on  "  Constmctioii  of  thr  entuIoKue  btised  u)hiii  the  plates  for  the  chart  ol 
ibe  <ky."  There  is  also  a  description  by  Prosper  Henry  of  tlie  method  of  meat 
nrcmnit  and  reduction  of  photograph-t  at  tbc  Pari.i  Obwrrvatory. 

In  tbc  •'•^>rrespondcnce"  wc  notice  several  eomplaints  m  rrpard  to  lack  of 
pnrnaneiK'e  in  the  reseau.  It  is  liable  to  Kcruteltcs  and  pin-holes  in  a  rery  short 
time.  Several  ohnervers  suggested  that  the  r^scau  lie  omitted  fram  tbe  plates 
lor  the  chart  altliouKb  it  should  be  retained  upon  the  plutc»  for  the  catalogue. 

As  to  the  progreas  of  titc  work,  tbc  following  rciiort  tit  given  of  tbc  nunibcr  of 
platen  which  have  beeh  obtained  for  the  catalogue  and  for  tbc  chart : 


For  Catalogue. 

For  Chart. 

Paris 

397 

137 

M.  Baiilaud 

140 

173 

"    Ha  vet 

164 

ai 

"   Tripled 

570 

64 

"    Dcnta 

40 

30 

-    RusmHI 

30O 

"    DonncT 

130 

1 

n-  c  ♦; 


Tb»  Rings  of  Saturn.— IL  is  not  ofleu  that  wc  hear  of  n  woman  rveciving 
dejirec  of  I'octor  of  Sciences,  etrpn-iully  in  the  line  of  matbemattcs.  That  dc 
has  recently  been  conferred  hy    tlie  l-'nitcrsity  of  Pari*  upon  Miw  Durotl 


Klumpkc.  Ji  young  Aroerican  wuauin,  oT  Snn  Fraocisco,  wlio  n  few  vears  ago  ob 
talncd  « Jmlssion  to  the  Obstnratorr  of  Puris.  snil  hu«  since  bcrn  cajiai;^  there 
in  Mndy  and  lutroiximtcal  tnrc5tt>;atioi].  Sbe  wo^  fur  a  time  in  chnrgr  itf  the 
gmtt  rrflcrtitr,  bat  is  now  in  rtinrsr  i>f  the  Durrnii  nf  Measurement!),  whicb  has 
for  lit  work  the  nwfljnrtincnt  of  ibc  fioatLions  nf  stars  upon  the  photo^spUr 
pliitcs,  which  an  being  tnkcn  (or  the  purpoite  u(  making  a  cata]o]{tte  of  sll  sUira 
down  to  the  I  llh  majiiiitudc. 

For  hrr  thr^tr  Misit  Khimtikr  cbosc  the  nubjcvt  of  the  fiirm  of  Saium's  rinjts. 
'She  lirivcs  n  bricl  history  of  the  discover}'  of  the  rioKS.  theories  n»  to  their  conati- 
tution  and  study  of  their  eqtiilibriam.  She  herself  takes  up  the  lyrobleni  of  the  6p 
nrc  cif  a  lluid  rins,  or  aaoltd  rtni;  covered  with  fluid,  in  cquUibrtuni  nronnd  Sikliira, 
This  jirnbkm  wua  finit  IrcMtcd  by  La  Place,  later  by  Mdme.  Kowalewslci  sml  M. 
cfand.  Mdme  Kownlewaki  considered  the  fij;«re  o(  the  rin^  lo  l)e  )ieiKrtttcd 
'  the  revolution  of  a  ploue  <:ur«'e  ultuut  an  iiK!»  posnnji  throuj^h  the  center  of 
ittmi  nnd  Tterpetidlcular  to  the  plane  of  the  carve's  motion.  Miss  Klumpke  car- 
ries on  her  investigation  by  inchiditlg  teraiK  of  a  higher  order  nnd  shows  ihjit 
their  efiect  i«  very  shght.  She  obtains  for  the  equations  of  tlte  croa9-»ecLion  of  the 
Finn 

y=:— coflt.    x  =  0.389  sin  t  — 0,188  tf  sin  2f 

in  which  (  ik  a  Turiablc  paranieter  and  6  is  the  ratio  of  the  •cmi'inajor  axis  of  the 
erots  section  tn  the  diHtaiKv  of  it*  center  fmm  the  centre  of  Sulum- 

Id  the  second  port  she  investigates  the  sioifder  hypothetical  case,  iu  which  the 
mass  of  Saturn  is  considered  to  be  zero,  the  riag»  being  subject  only  to  the  centri 
fri|£al  force  of  its  tnotion  and  the  notaal  attraction  of  ita  molecalcs.  A  first  ap- 
proximation including  only  tlie  second  powers  of  tf  gives  the  figure  of  cross-acctiou 
uf  the  ring  as  a  circle.  IncluOtiig  terms  in  (f  tJie  figure  becomes  an  ellipae.  and 
when  the  terms  involving  0'  ore  cunsidcrrd  the  cross-section  becomes  e^gg-shnped 
with  the  #.nial1  end  inward.  n.  r.  w. 


Bfbllopspbj  of  Aatroaoai]>. — Works  pohSsbcd  during  January,  iKi^.  Cotn- 
ptlcd  by  W  Weslcjr  and  Son,  2B  E^ssex  Street.  Stmnd,  London,  Hnghtnd,  who  wi1[ 
also  supply  any  of  tl>e  works,  if  desired. 

Fabry  (U)  l^tudj  surla  probabilite  des  comHcs  hyper boliques  ct  I'originc  tics 
canfies.    -ito.    Marseille,  1894.   $1.26. 

r.nyon  (B.)  rt  H.  Willotte.  Conrs clemcntaire  d'astronomie,wttb  ITOcaxrav- 
ings  and  2  plates.    8vo.    I'aris.  1SB4.   ¥3.25. 

Knigbc  IG.)  A  short  history  of  astronomy.    16mo.  1894.   IScts. 

Lockyvr  (].  N.)  The  dawn  of  astronomy,  a  study  of  the  teiupIe-wOivliip  and 
■lylboloRy  of  the  ancient  Egyptians,  131  plates  and  cngmvings.  Royal  8vo., 
doth.    180i.   S5.3&. 

Mayer  (1).  StemTertcichniBS.  Nach  den  Ileohaebtungca  auf  der  Gocttinscr 
Stemwftrte,  1766-60.   Neu  licarbeitel  VOn  A.  Auwem.  410,    Leipng,  1894,  $&76. 

Poynting  (J-  ^I-)  The  mean  density  of  the  Earth,  T  plates  and  enEravlngs. 
Rto^  doth.    1894.    $3.15. 

Proctor  (R,  A).  The  expanse  of  Hatven :  a  series  of  essays  on  tbe  wonders  of 
the  firmament.    Kew  edition,  post  Svo.,  cloth.  1894.  OOcta. 
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Aatronoiniul  tsA  Fhyalu)  Sodetjr  of  Torooto,  Caiudi.— McetJng  of  Jan.  23, 
189+;  clintr.  Dr.  Lnrrrttt  W,  Smitli.Jl.  C,  rice  president.  He  ihnnkr*!  IJnr  tntm- 
hcT*  for  Iiiit  nxoit  rc>ck-clioii. 

Mr-  C.  H.  Colliwon,  B.  A.,  of  Dj^ier  Canmda  Collect-,  waa  clectnl  nti  ju:t4ve 
nember.  Honorary  innnbcrsbip  wev  conferred  upQit  Sir  KoIktI  S.  KmU,  UL.  D., 
Lownilcnn  Profcsior  uf  A«ironvmy,  Kinf^'s  College.  Cambrid^,  and  director  of 
the  nnkcraity  Ohservfttory;  opun  Oo.  H.  Darwin.  M,  A-,  Plumian  KrofniKir  of 
Aslfunomy,  Trinity  Cnttepe,  Cmnhrtflfrf ;  npoii  Hrofcssor  H,  C.  VoRel,  (lire*-tor  ol 
the  AstitxPliysioal  UhMrratOQ ,  Potftcloni,  (J4-rmnn>-.  I'rofcMtors  C.  II.  UcLeud^ 
Ma.  B.,etf..  PiTOrU.r  of  McOill  CoIleRv  Olmr*-atory,  Montrefil;  W.  A.  Rugen, 
Colby  [tniversity,  Wntenrille.  Mc.:  l^dvrard  VV.  Mnnndcr,  V.  R.  A.  S.,  Pirct-CUas 
Pby»k-i)l  A8»Uuint.  Greenwich  Obwnratoiy;  Rev.  T  E-  Espin,  P-  K.  A.  S.,  Di- 
rector of  Tuw  Law  ObBtrratory,  Darlinj'tun.  Euj;.,  were  elected  corrui|>oodiiiff 
mrtnlKrs. 

Librarinii  G-  G.  Piifwy  reported  rercJpt  ni  pnblicJitions,  inrlnding  thoir  of  tbc 
Koynl  Suoety  and  one  piesented  by  Mr.  A.  AaronsbeiK,  Toronto. 

ObacTVUtions  on  iIk  dun,  un  ibc  plaiMrtsand  on  Lbe  jodiactil  light  were  re- 
ported t)j  M-\-enil  members.  Dr.  A.  D.  Watf>on  referred  to  Saturn  a»  being  eupcci- 
ally  lieaotifiil,  his  rings  having  opened  not  farther  thnn  ho;^  been  otMcrvablr  fnr 
year*.    With  but  a  thrcc-incli  telescope,  he  liatl  wen  Casaini'a  division. 

Most  of  tbe  c*fning  wan  o«.ii|iic<l  rciidinjf  and  dixcuMing  tbene  fire-minute 
pdpers:  '•Jupittr's  Atmosphere,"  Mr.  K.  B.  lillis;  "The  distuoctv  of  Jupiter's 
Satellites*'  (withdiHgram),  Mr.  A.  Elvin»;  "Tbe  Hlliptivity  of  tl>e  Orliits  of  Jnpi- 
ier'«  Satcllttca,"  Mr.  A.  Harvey;  "  Certain  Phenomena  Connected  with  Siitdlites 
Innd  11."  Dr.  A.  D.  Wnt»on;  "The  Mythology  ofjopitcr."  Mr.  W.  8.  Muuon; 
"The  Density  of  Jupiter,"  Mr.  T.  Lindiay'.  None  of  the  papers  presumed  to  be 
nrigintti,  bnt  alt  were  clcVer. 

Meeting  of  Peb.  0.  Mr.  Arthnr  Ilnrrey  presided.  Ilonomry  meinl>er«hip 
conferred  upon  M.  Otto  Strove  of  St.  Peter»burjB;  correiiponding  meinliershtp  con- 
icrrcd  npon  M.  Pan!  Hairy,  elder  brother  of  the  Hairy  brothers  of  i'aris  Observa- 
tory. Prance. 

Upon  the  subject  of  changing  astronomical  time  to  begin  at  midni/tbt  inatcad 
of  at  noon,  ti  letter  was  read  from  Mr-  SanEbrd  Plcmin^,  C.  M.  O..  recently  re- 
turned to  Ottawa  oiler  a  34,000-mtlcs  trip  on  the  sea-  He  had  conTerTed  with 
captainK  nnd  otlier  officers,  and  all  Mxrc  agreed  ilmt  the  change  should  be  made- 
la  answer  to  the  vircuian  sent  out  there  had  been  ret.'cived  two  hundred  answera, 
153  of  which  were  for  the  change  and  48  in  opposition  to  it. 

Mr.  Andrew  l-^lvins  reported  »onic  excellent  observations  of  Venus.  Bbe 
showcil  a  tliiu  crcaceat.  gapped  along  tlic  terminator.  Mr.  Elvins  bad  also  acea 
the  brits  of  Jnpiter  very  pl,-iiniy.  It  was  iitated  that  on  olnerrer  iu  Barbados 
bad  seen  the  dark  portion  of  the  disc  of  Venus,  sitnflar  to  the  phenomenon  whidi 
appears  nt  n  new  moon. 

Mr.  Joseph  W.  Allen,  fether  of  Grant  Allen,  tbcfotnous  tiorelist  and  scienLtst, 
read  tbe  pa|Kr  of  the  evening,  which  was  a  defence  of  his  son'i  hook.  "  9oTct  and 
Energy."  johj*  a.  coplaxd. 


The  Chicago  Ac«deny  of  Sciences,  Sectioa  of  Mttbematles  aod  Asttooomy,  P»b. 
6th.— Protcsaor  G.  W.  Hough,  President,  iu  the  chair.  The  Reconler  announced 
that  there  was  no  bnsinew  bel'Dnc  tbe  Section  retjtriring  special  action,  and  the 
meeting  at  once  proceeded  to  the  program  of  the  tbe  evening.  Prufcasor  G>  W. 
HoDgh  read  tbe  first  paper  on  tfae  "  Evolutlua  of  tbe  tckacope,"    In  tracing  tile 
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ry  nf  Iman  from  Rutn/in  times  to  the  present  date,  the  speaker  remarked 
tbc  earliest  mention  of  Anything  that  cnuirl  be  called  a  tens,  !9  tliat  of  a 
"bnrninj;  ■pbrn:"  by  Aristopbancv,  4'J4-  B.  c.  and  he  considered  the  next  record 
lh«i  of  Lhr  iiitruDumer  Clciimcdes  whu  obnerrcd  tliat  a  bottle  ma^t"''*^  nhjecta 
w«ti  thmutfh  it-  For  tlic  tiext  KKW  years  very  little  vtat  done  in  (Optics,  but  th« 
An^  I  iiiira«r9  bad  given  some  attcnciuu  to  the  subject  about  the  time  of 

,  Itin  "'OA.  o. 

limes  the  stariy  of  lenwa  hegins  with  Roger  l^neon,  who  used  them 

When  len»c*  vfere  in  ^cncrat  u»e  I'lr  uidinK  the  nsion.  of  course  a 

'  klishi  »(rp  w»iild  tjifr  n  nmciiilVing  ulnss.     In  inOK  Lip|)er»hey,  the  Dnicb 

In  de-milker,  roustructed  n  tcleeeope  wliicli  wub  applied  Lo  terrcStriiil  objccta; 

and  Gained  soon  aflcrwnrilB  invented  the  ostrouomicol  tdewope,  which  cfrntcd 

•n  cpoeb  in  the  history  uf  science.    The  speuker  gave  nn  iutrredtiti^  account  of 

,  Csnico'a  obaervatiunii  of  the  mountains  on  the  Much,  the  spots  on  the  Sun,  tlie 

'  tMUHIitcM  of  Jopiler,  nml  the  UingK  i>f  Sntum  ;  /itid  alter  sketching  the  hint'iry  of 

lite  "  lotis  "  leleiici>|>c>  »l  Hie  iicai  century,  and  dewriljiiiR  the  niethiMJ  of  iisinx  a 

trie«capr  without  n  tube,  he  came  down  to  tlif  reflector  itivented  hy  Grejfory  in 

166.1,  and  prrfrrrtd  liy  Newton  on  account  nf  the  imt*crfeei  dclinitton  of  refrac- 

[-inr^  arising  from  chromatic  niKn.ition.    I'rofmsor  Moiigh  puintrd  iiut  the  imiH>r- 

jtatKe  t>r  I>olli«nd'a  Krvlcc*  in  usinj:;  two  kinds  of  kIohb  with  different  retiairlivr 

[tedicva.  and  colled  nttentina  to  the  problem  of  tetmring  large  homogenoitM  piece* 

Iflaw,  which  was  finally  solved  by  Pruucahofin^,  but  which  King  retarded  the 

itof  llic  refractor. 

The  speaker  then  prajcctnl  on  the  SLTcen  il  last  rations  of  most  of  the  eele- 
[heated  modem  lelc«copes.  beinnaing  with  the  great  reflector  of  Sir  Wm.  Ilervctvel 
land  voncliiding  with  the  Yerke*  40-in(.-li  refractor.  In  reviewing  recent  progrcM 
t'lB  tclrw^pe-muking  tlic  §])ciikcr  tminiol  out  the  nncxanipled  gerv»ceti  of  Alvan 
[Clarh  &  JM>n».  whose  Antt  large  telewopr  wua  the  IK  invh  fJearliuni  rrfrnctur  at 
JKvanaton,  with  which  be  and  Professor  Burnham  have  discovered  and  measured 
[ao  manT  rloMc  donMc  mnm.  In  conclnaion  ProfcHor  Hough  reniarhed  that  tt- 
tnn  weTT  preferred  by  Antericon  astronomers,  lint  that  for  some  purposes  the 
t«n>  hurc  their  udvantnges,  aud  they  arc  itttll  used  in  England  and  Prance. 
'AgetieraJ  disctiSBion  followed,  ia  which  nil  tlK  nbucrvcm  present  took  purl. 

I>r.  Henry  Crew  of  Norihwcrtem  t'niversity  read  the  second  paper  of  the 
CTctiiug  on  ■■  RelractMa  at  the  Bj-c-ead  t>(  the  telescope."  l'ro(c8fM>r  Crew  defined 
the  tciesco)*  ns  nn  inxtrumcut  fur  transforming  a  plane  wave  sutface  into  a 
splH-rtcol  one.  He  then  interpreted  Airy's  cciuation  for  the  dtatriliuLion  of  Ijglil  in 
,  tbc  Geld .  and  pointed  uul  tlic  limit  which  the  fiaite  value  of  the  light  waves  acts 
|lo  the  defining  power  of  any  a|ierturv.  Vanoua  methods  wciv  shown  for  im- 
>roving  the  definition:  hut  in  all  rose*  a  practical  riiStrnlty  wna  encountered  in 
I  of  hght. 

Attention  was  odled  to  l'rufr«^i'r  Micheliton's  exteiMicd  definition  of  "dctiu- 
ing  t'OM'*^''"  '"■'I  t"  some  of  the  posi^ihilitics.of  the  nrfractonicter  in  ottrrvnomical 
I  work.  At  the  close  of  the  session  a  number  of  diflfraclion  pattems  resulting  from 
I  apcrturca  nf  rnrious  fomis  were  shown  by  means  of  a  small  telcKoiK  and  an 
,  •fti6cMl  atar.  Pi«fes9or  numham.  Dr.  See  and  several  others  took  port  in  the 
,  iHseasaioa  of  Dr.  Crew's  interesting  paper,  after  whirh  ilir  Section  adjourued. 

T.  J.  J.  Sbb,  Recorder. 
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ELECTRIC  CONTROLS  AMD  GOVBRNORS  FOR  ASTRONOMICAL 

INSTRUMF.HTS.- 


P_  L.  O-  WAtWWORTIT. 


Ill  the  January  numljer  of  Astkosomv  and  AsTHO-rHYSics.  in 
an  interesting  article  on  Telescope  Mountings  and  Domes,  Pra- 
fcsMOr  Picktriug  suggests  the  use  ul'  reversible  eiectrit-  motora  for 
actuating  each  of  ihe  slow  motion  screws  of  the  tcleHCOp'.*.  This 
plan  hnB  been  uscrf  over  a  year  in  the  control  of  tJic  large  sidcro- 
atat  of  the  Atitro-Physieal  Observatory,  and  it  lias  prtjvcd  so 
thoroughly  convenient  ojid  satisfactory,  that  a  brief  description 
of  the  oiectianienl  and  electrical  features  may  be  of  interest. 

The  instrument  in  question  has  already  liecn  described  in  some 
detail  by  tlie  rnnkrt.i" 

Briefly  it  is  of  the  Foucault  type  similar  to  the  one  used  by  I'ro- 
fi;ssor  Langley  at  Allegheny,  but  of  much  larger  size,  being  iu- 
tcnded  to  carry  a  mirror  20  inches  in  diameter.  In  order  to 
overcome  ns  far  as  pofisible  the  difficulties  inherent  in  this  form  of 
iostruracnt.  all  of  the  driving  parts  were  made  very  heavy  and 
stiflT  and  the  clock-work  is  unusually  powerful. 

The  governor  is  of  the  usual  Orubb  type  and  was  originally 
sapplcmeated  by  a  ver>'  ingenious  but  elaborate  electrical  device 
for  controUiug  the  rate  of  rotation  of  the  driviiig  shaft,  by  a  free 
seconds  peodulum,  through  the  medium  of  two  mouse  controls, 
one  arranged  to  slowly  accelerate,  the  other  to  slowly  retard  die 
motion  of  the  shaft  iu  question.  In  udilition  to  this,  another 
mouse  control,  on  the  same  shaft  was  arranged  to  be  operated, 
by  the  observer,  to  further  accelerate  or  retard  the  motion,  of  the 
clock  at  will.  Slow  motions  were  also  provided  for  the  motion 
in  declhiation  and  in  altitude  and  azimuth,  all  of  these  slow  mo- 
tions (eight  in  all)  being  actuated  mechanically  by  means  of  cords 
or  long  rods  running  from  the  instrument  to  the  observer  who 
was  inside  the  Obscnratoty  and  nearly  fifty  feet  from  the  instru- 
ment. 

This  system  of  mechanical  controls  had  always  beea  unsatis- 
factory because  of  the  numlser  of  cords  and  rods  involved  and  the 

*  CommtiTikntt'd  by  thcaullmr. 

T  Srr  tirticic  b)-  Grubb  iu  Eugiuvrruig,  Vol.  XLDi,  p.  502. 
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limitntions  impost  by  their  use  on  the  poaitioD  of  the  otMcrver 
while  making  these  fldjustincol*. 

Vjiriuti»  phins  had  berii,  from  time  to  time,  proposed  by  Profe*- 
sor  Lnnglcy,  Vr.  Hallock  and  others  connected  witli  the  ObtcrvB- 
tor>'.  for  rcphicing  them  with  a  form  of  electric  control  which,  by 
pressing  a  key  on  a  email  moveable  switchboard,  would  en- 
able any  one  of  the  slow  motion  mcchanieima  to  be  operated  in 
either  direction  from  an  electric  motor.  The  advantages  of  this 
method  of  control  nre  ohvionK  but  the  mechanism  necessary  lo 
cnrry  out  the  proposed  plnnn  was  so  complex,  and  tbc  expense  aod 
liability  to  get  out  of  order  so  grent,  that  they  had  never  Iwen 
pructicully  adopted.  When,  however,  the  idea  of  using  a  single 
motor  was  abandoned  and  the  plan  referred  to  at  tlie  iMrginninf; 
of  this  article,  i.  v..  that  of  driving  cncb  aIow  motion  indcpcud- 
cnlly  by  mciins  ctf  u  small  reversible  motor,  wbicli  in  the  casw  of 
the  altitude  nnd  declination  slow  motions  could  be  placed  direct- 
ly on  the  niuxing  parts  to  which  the  screws  for  these  motions 
were  attached,  was  ])roposcd  by  the  author,  the  mechanical  diHi> 
culties  at  once  disapjHrnrcd  nnd  the  electrical  features  were  consid- 
enibly  simplified. 

The  motors  reijuired  were  all  so  small  that  the  additional 
expense  involved  by  the  use  of  four  instead  of  one  was  inconsidcf' 
able,  nnd  more  Ihiin  com|>enKnteil  for,  tn  the  simpIiftrHtiun  in  the 
mechanical  work  alone.  It  was  found  also  that  this  plan  invol- 
ved the  use  of  a  smaller  nnmber  of  wires  th;in  any  before  pro- 
posed, ihc  whole  eight  motions,  viz.,  forward  and  backward  in 
ight  uHcensinri,  fleclination,  altitude  and  azimuth  requiring  but 
(ire  wires  running  from  the  switch-board  by  the  observer  to  thein. 
jitruinenl.' 

The  general  arrangement  of  the  electrical  connections  is  that 

shown  in  Figure  1,  where  s  is  theawitch-^Kinrd  ( here  considerably 

niargcd  in  relation  to  the  other  parts  for  the  sake  of  cleamctt, 

hit   in   reality  mo  small  nnd  compact,   that  it  may   readily  be 

carried  in  the  o1>server'8  hand  if  desired),  provided  with  four 

^Teversing  kcyi,  each  of  which  controls  one  of  the  fonr  doable  mo- 

ions. 

They  arc  so  arrange<I  that  the  motions  of  the  contact  Ie>*cr 
handle  in  citlier  direction  from  the  center,  sends  U»e  rcflccte*! 
beams  from  the  »idcr«>iitat  in  the  same  direction,  so  that  they 
may  be  manipuUited  readily  in  the  dark  without  confusion  or 
error.    Any  ordhmry   form   of  rcvening  key  may  be  used   of 

t  Tbc  ekctric  contral  aupplkd  by  tbr  maker  tvi)airrd  10  wires  (or  tlw  <od- 
tro)  in  right  Aiccnuon  uIodc. 


cottntc,  hot  tlie  one  shown  is  particularly  simple  and  easy  of  con- 
struction. 

It  consists  simply,  of  two  brass  springe,  a,  b,  screwed  to  an 
insulating  handle  pivoted  midway  between  them,  and  four  brass 
contact  buttons,  1 ,  2.  3.  4.  dia^joiiaUy  opposite  buttons  being  at- 
tached to  the  two  battery  and  motor  terminals. 

The  motors  could  be  reversed  cither  by  reversing  the  polarity 
of  the  fields,  or  by  reversing  the  current  in  the  nrtnnturc,  but  for 
certain  practical  reasons  the  latter  plan  is  preferable.  The  polar- 
ity of  the  6eld  conld  be  most  easily  kept  constant,  as  the  motors 
arc  all  very  small,  by  using  permanent  steel  magnets,  but  for 
reasons  of  economy  commercial  motors  with  electro  magnetic 
fields  were  used,  and  their  6dd  coils  connected  in  scries  with  an 
independcui  battery  circuit,  which  was  closed  automatically  by  a 
relay  K  in  the  main  circuit,— which  dispenses  with  the  necessity 
of  running  two  additional  wires  to  the  switcli-board. 

In  the  tirst,  of  the  two  plates,  which  accompanies  this  article, 
the  two  motors  which  operate- the  nionse  controls  in  right  as- 
ccostoo  and  declination  are  shown.  As  will  be  seen  they  are 
directly  connected  by  belts  to  two  mouse  controls,  one  on  the 
driving  shal't  ol  the  clock;  the  other  on  a  shaft  which  moves  the 
declination  axis."  Those  which  control  the  altitude  and  animuth 
.slow  motion  have  not  yet  been  put  in  place,  as  these  niljustments 
are  only  used  for  special  work 

The  electric  control,  supplied  by  the  ranker,  a  portion  of  winch 
!is  shown  at  the  right  of  the  lower  motor,  has  now  been  entirely 
discarded,  as-too  complicated  and  liable  to  derangement. 

It«  place  is  fully  supj)tied  by  the  use  of  the  motor,  whose  speed 
of  rotation  and  therefore  of  regulation,  can  be  adjusted  to  a 
nicety  by  means  of  the  rheostat  M,  in  the  motor  circuit. 

This  makes  it  possible  to  either  keep  the  image  fixed  on  the 
cross  wires  or  to  give  it  any  desired  rate  of  motion  forward  or 
backward  or  up  and  down  in  the  field  without  altering  tlic  ra(< 
of  the  clock,  an  advantage  of  considerable  imiK>rtance  in  certain 
kinds  of  spectroscopic  work. 

Other  advantages  arc  the  smoothness  and  regularity  of  the  mo- 
tion, which  can  be  instantly  checked,  even  when  very  rapid,  by  a 
imomcnlary  reversal  of  the  motor,  and  the  case  with  which  the 
motion  can  be  controlled  from  parts  of  the  laboratory  to  which 
it  would  be  ditTicnlt  if  not  impossible  to  carry  the  mechanical  con- 
trols either  because  of  the  distance  or  on  account  of  intervening 
apparatus. 

*  i  agrre  with  Profcxsor  THckchiig  Ja  contldcriag  ttic  mouse  control  drcidedljr 
tu  the  tuual  wonn  and  worm-wheel,  or  alow  notion  screw. 


The  oaly  trouble  which  wns  nt  first  experienced  wan  the  efl^t 
of  the  motor  ctrcuilti  on  the  delicate  gjdviinonieter  unc^I  iu  the 
Qbscrvatorii'.  bat  this  hiis  been  overcome,  by  careful  tn^istin);  of 
the  wires  together  and  the  rclucation  uf  the  buttcriett  and  rbeo- 
Btnt. 

The  use  o(  a  motor  in  pUice  ot'  the  usual  elock  as  the  driTinif 
power  (or  not  only  e<iuatorials,  but  also  for  siderofitnts,  chrono- 
jiraphs,  iind  in  fact  all  iiistniiiieuts  where  uniffjnnity  ni  rotiitiun 
is  dtsircd,  is  somethiiij<  which  ihc  writer  hns  long  udvucatcd  and 
adopted  whenever  jjossible. 

In  these  days  when  storage  bntteries  fonii  an  nhnost  nccetmary 
part  ol'  the  eiinipment  uf  every  laboratory,  nicchanicjd  driving 
clocks  couhl  \x  re])laccil  with  advantage  in  almost  every  imrtaiDce 
by  suitably  desiKneil  electric  nnilors;  but  on  neccnint  of  the  nn- 
Camilinrity  of  most  of  our  lending  iiistniment-makers  with  the 
correct  principles  of  desi>^,  and  the  unsuitahility  of  most  o(  the 
commercial  motors  in  the  market,  it  will  probably  be  a  long  time 
licfore  wc  can  hope  to  see  this  chnnf^e  made. 

The  points  which  have  co  be  considered  in  the  general  design  uf 
an  electric  motor  which  it  is  desired  lo  have  run  with  the  great- 
est possible  regularity  and  constancy  ore: 

1.  The  motor  should  be  much  lanfer  than  in  actanlly  reqoirrd 
to  do  the  work,  so  that  the  load  u]inn  it  may  be  at  all  times  very 
liglit,  and  its  counter  clcctro-morive  force  therefore  very  nearly 
c(|ual  to  the  difference  of  potential  between  the  terminals. 

2.  The  motor  should  be  compound  wound  with  n  powerful 
field  worked  enn<tidcrably  below  the  saturation  point  tosccnrca 
sensitive  rejfidntion,  l>oth  for  changes  of  load  and  slight  vnria' 
tions  on  E  A/  F  nt  the  terminals. 

3.  The  armature  should  l)c  of  the  drum  tyix;,  with  wires  either 
buried  in  slots  and  covered  with  a  wrapping  of  fine  iron  binding 
wire,  or  l»etter,  passetl  through  h(des  near  the  outer  circumference 
of  the  Armature  as  in  the  Wenatrom  dynamo  type.  It  should  of 
counw  he  very  perfectly  balanced,  and  if  not  of  considerable 
weight  itself  -ihould  have  a  heavy  flywheel.  The  commutator 
should  be  of  large  size,  with  many  segments,  and  together  with 
the  brushes  should  be  kept  Kraputously  clean  and  free  from  oil 
and  dust. 

4.  The  electromotive  force  should  be  as  high  as  poMibk  both 
to  minimi2c  the  cfivcte  due  to  changes  in  the  Individual  cclb  of 
the  battery  and  to  eliminate  as  far  as  possible  the  dtccta  doe  ta 
momentary  bad  contact  of  the  bnisbes,  etc. 

If  these  conditions  arc  fulfilled  and  a  good  storage  iMittcry  is 
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used  to  funiish  the  current,  there  is  no  need  for  a  s))«:iul  regulator 
tmlcss  the  most  extreme  accuriicj  of  rotation  is  desired. 

Then  the  method  of  governing  from  an  electric  fork,  which  was 
firstsugj^estcd  and  applied  by  Lord  Rnylcigh.'fumishesan  almost 
ideal  means  of  securing  and  maintaining  any  desired  si>eed.  The 
form  of  motor  used  by  Lord  Raylcigh,  however,  is  only  one  of 
many  that  may  tjc  used  for  the  purjrase.  When  working  with  the 
rt'vohnng  miiTor  in  1891,  I  considered  many  plans  for  driving 
it^in  perfect  synchronism  with  a  tuning  fork  by  an  alternating 
electric  motor,  whose  circuit  was  interrupted  by  the  tuning  fork, 
using  anotlier  motor  such  as  the  ordinary  air  turbine,  or  a  spe- 
cial continuous  current  motor  of  the  type  just  described,  to 
famish  the  nuiin  part  of  the  power.  Any  form  of  synchronous 
motor  can  Ix-  need  for  the  alternating  or  governing  motor  but 
those  in  which  both  armature  and  field  coils  arc  stationary  are 
prefierable  for  this  spted  work.t 

U  will  lie  notc<l  that  the  number  of  revolutions  of  the  motor 
may  lie  made  any  sub-multiple  of  the  number  of  vibrations  of  the 
fork  by  siini)ly  increasing  the  number  of  poles  and  armature  coilb 
and  any  desired  spcc<l  thus  obtained  without  the  use  of  gearing. 

There  arc  however  otiier  methods  of  mechanically  regulating 
thespeed  of  electric  motors,  almost  as  sensitive  as  that  by  the  use 
of  the  tuning  fork. 

Any  form  of  clock  or  chronograph  governor  can  be  use<i  to  txg- 
iilate  the  speed,  not  by  the  clumsy  method  of  absorbing  an  excess 
of  power  by  the  introduction  of  intermittent  frictional  resistance, 
but  by  more  rationally  supplying  power  in  proportion  to  the 
work  done,  either  by  cutting  in,  or  throwing  out  sections  of  the 
lield  coil,  as  the  speed  rises  or  falls,  or  even  better,  by  moving  a 
third  brush  over  tlie  commutator  Uhree  brush  method  of  regula- 
tion). 

As  regards  the  mechanical  construction  of  the  governor  itself, 
the  field  has  been  so  thoroughly  exploited  that  there  wonUI  seem 
little  more  to  be  done.  Xe\'ertheIe9S  I  will  venture  to  describe  a 
form  of  governor  which  I  have  recently  designed,  and  which  pos- 
eesses,  I  think,  one  ver>-  important  advantage  in  that  the  action 
resulting  from  a  change  of  speed  is  instantaneous,  whereas  all 
forms  of  governors  which  govern  by  centrifugal  force  alone,  re- 
quire a  certain  small  time  to  act.  Kigure  2  is  an  end  view  show- 
ing the  general  principle  of  action.    The  two  governor  balls  a,  b, 

•  Philosophical  Transai-tinnfl.  Vol.  17-*,  i>.  317. 

t  Such  a  lOTui  tojftthcr  ^ith  oIIkt  «|Kviiil  fOrmK  r>f  tlynntnoK  and  motora.  wu* 
(IcscribeO  bj'  the  attihor  in  EkctrkaJ  (t'ar/c/.  Vol.  XVI.  p.  183,  "  Some  New  Forms 
of  Dynamos." 


arc  carried  on  levers  pivoted  ou  piiis  c,  d,  which  are  bcliind  the 
balls  as  regards  the  direction  of  rotation,  and  in  such  n  ^xisition 
that  the  arc  of  motion  is  inclined  at  a  considerable  angle  to  the 
radial  line  drawn  through  any  part  of  the  path. 

The  centrifugal  force  is  counteracted  by  any  form  of  sprini^  in 

rliich  the  extension  of  the  spring  and  therefore  its  restraining 
force  is  proportioned  to  the  distance  mh  ma  of  the  ball  from  the 
axes  of  rotation,  under  which  conditions  the  governor  will  be 
strictly  isochronous,  i.  c,  the  centrifugal  force  find  the  restraining 
force  of  the  spring  will  I>c  in  exact  equilibrium  for  any  jxisitiou  of 
t)ie  balls  at  some  definite  speed  which  will  l>e  determined  by  the 
relation  between  the  weight  of  the  halls  and  the  strength  of  the 
spring.  This  form  of  governor,  which  in  engineering  practice  is 
designated  as  a  shaft  governor,  is  now  used  almost  to  the  cxehi- 
sion  of  the  old  grarity  forms,  similar  to  those  still  used  on  chron- 
ographs, bccaosc  of  the  readiness  with  which  this  isochronism 
can  be  obtained,  for  any  definite  «pecd  and  the  more  powerful 
gorcming  action  secured.  The  particular  point  to  which  it  is  de- 
sired to  call  attention,  however,  is  the  arrangement  of  pivots 
with  relation  to  the  bulls  and  the  direction  of  revolution,  by 
means  of  which  Uie  inertia  of  the  balls  themselves  comes  into 
play  on  the  instnnt  of  a  change  of  speed  and  causes  them  to  as- 
some  the  position  to  which  the  centrifugal  force  ainnc  would 
bring  them  only  after  the  change  of  speed  had  become  well  es- 
tablished. 

Tins  {irincipal  of  goi'cniing  by  inertia  docs  not  seem  to  be  gen- 
erally understood  and  it  is  surprising  thnt  a  large  proportion  of 
the  engine  governors  now  in  use  are  exactly  wrong:  Wx.,  the  ball 
is  placed  bcliind  the  pivot,  instead  of  in  front,  thereby  catising  the 
centrifugal  and  inertinl  forces  to  at  first  oppose  one  nnother,  and 
still  farther  delaying  the  regulation  of  the  speed. 

The  motion  of  the  balls  and  levers  may  be  used  in  any  desired 
vray  to  effect  the  desired  regulation,  for  instance,  if  regulattou  by 
frictional  resistance  is  required  a  very  simple  wny  is  to  provide 
the  levers  with  break  shoes  c,  f,  which  will  be  thrown  inward 
against  the  dotted  drum,  which  revolves  with  some  degree  of 
friction  on  a  bearing  concentric  with  the  axis  of  the  governor 
wheel.  But  a  Ijctter  arrangement  than  any  depending  on  me- 
chanical friction  is  secured  by  attaching  to  n*  o  copper  disc  or 
drum  n  plnccd  between  the  poles  of  two  or  more  powerful  mng- 
nets.  Wbcn  the  drum  n  and  the  attached  disc  revolve,  strong 
Poncauttcnrrentsartsct  up  in  the  latter,  and  exert  a  retarding 
force  oo  the  motion  which  is  nearly  proportioned  to  the  speed. 

•  Tl»e  B  wa»  omiUeil  in  the  wpy  of  Fig.  2. 


Wicn  1180(1  in cofijunctinii  with  the  dectric  mntor  thtsc  gnvcr- 
nors  would  Iw  niouiiU'il  tlirecilv  (in  tlie  shiift  and  arranged  lo 
vary  tlif  current  in  the  field  or  armature  (best  in  the  former)  in 
the  WHy  previously  siigj^ested. 

Astho-I'hysical  I.ahoratory,  Washington,  D.  C. 
Smithsonian  Institution,  Janunry,  1S94-. 


ON  THE  FORMS  OF  THE  DISCS  OF  THE  SATELLITES  OP  JUPITER 
AS  SKEN  WITH  THE  3e.lNCH  EQUATORIAL  OF  THE  LICK  OB- 
SERVATORY." 


E    S.  BARNARD. 


In  Astronomy  ani>  Astro-Physics  for  March.  May  and  June 
1R03.  Proft'ssor  W.  H.  Pickering  has  given  a  sericR  of  very  inter- 
esting papers  on  the  forms  of  the  satellites  of  Jupiter  as  seen  at 
Arcr|uipa. 

Ad  the  observntions  contntnefl  therein  are  of  a  remarkable 
nnrurc  and  one  of  such  vital  importance  to  our  knnwleilge  of  the 
physical  condition  of  the  snteUiic  system  of  Jupiter,  they  should 
he  verified  before  being  finally  accepted.  But  coming  ns  they  do 
from  a  st;ition  where  the  atmospheric  conditions  are  said  to  be 
very  perlccl,  they  should  be  treated  with  res(K:ctfuI  consideration 
pending  their  complete  verification. 

I  have  naturally  been  very  much  interested  in  the  subject,  and 
though  my  previous  obser\'ati(>ns  of  these  moons  lead  me  to 
ncccpt  these  statements  wilh  coutiim,  yet  in  consideralton  of 
the  favorable  locution  of  the  Ohsei'vatory  at  Arefpiipa,  it  was 
deeme<l  best  to  make  a  careful  re-exaniiiiaiion  of  the  lornis  of  the 
satellites  under  the  best  atmospheric  conditions  with  our  great 
telescope.  Ijcfoix-  deciding  in  niy  own  mind  as  to  the  reality  of  the 
Arequipn  results. 

Since  my  return  to  the  Lick  Observatory,  during  the  past  fall 
and  winter,  I  have  taken  occasion  when  the  opportunity  ufTorded 
to  examine  the  forms  of  the  discs  of  the  four  bright  moons  of 
Jupiter. 

These  satellites— at  least  three  of  them,  I,  III  and  IV— often  an- 
dergo  singular  transformations  of  apparent  form  during  cer- 
tain stages  of  their  transits  across  the  face  of  Jupiter.  These  an- 
omalii's.  as  is  well  known,  are  in  the  main  due  to  surface  mark- 
ings on  the  satelliiL-s.  Though  I  had  often  seen  these  [»ccularitics 
yet  I  had  never  seen  any  of  these  moons  other  than  round  when 
ofT  the  disk  i>f  the  planet. 

"  CommuiiicRltfd  by  llic  author. 


In  dealing  wiib  the  Arcqtiipa  obseiratious.  let  us  assume  that 
,he  jilmusphcHc  conditions  at  tliat  station  are  pcTfect.  as  lias 
r^ccn  claimed.  This  gives  a  wonderful  advantage  in  examining 
:lie  surface  markings  of  a  planet  or  satellite. 
Hut  tile  ni.itn  (jiicstion  in  this  case,  or  at  least  tl)c  one  to  wliicli 
shall  devote  my  criticism,  is  the  forms  of  the  discs  of  Ihe  satel- 
lites. It  ficcnui  to  me  that  the  ease  with  which  any  malformation 
:oul«1  Ik:  detected  is  nuiinly  a  function  of  the  aperture  of  the  tcle- 
>pc — assuming  only  that  the  definition  is  good  enough  to  per- 
mit the  use  of  profKir  magnifying  |>ower.  Therefore  the  36-inch 
refractor  of  the  Lick  Observatory  is  unquestionably  better 
ndnpled  to  settle  a  question  of  this  kind  than  a  13-inch — even 
though  the  13  inch  may  have  a  better  atmosphere  to  work  tn, 
and  I  am  not  sure  that  it  has. 

It  would  be  absurd  to  claim  that  the  seprirating  ]K}wcr  of  a 
lii-inch  is  p(|un]  to  that  of  a  3t{-incb — both  being  good  ala^scs  by 
the  same  niukrr,  and  working  under  nearly  ctpial  utmosjihenc 
conditions — yet  it  seems  to  me  this  is  essentially  what  tlie  Are- 
qnipa  atwcrvatitmK  must  doim,  for  the  36-ineh  docs  not  verify 
tbem. 

No  one  knows  iKttcr  than  I  that  there  are  certain  circnm- 
HtanctTi  where  afivc  or  six-inch  telescope  mayshow  an  object  that 
ccjiaot  \k  seen  with  a  3(>-inch — such  for  instance  as  diffuse  ncbn- 
Juu»  and  eomctar\-  matter.  As  a  mutter  of  fact  there  arc  objects 
in  the  henvctis  that  the  naked  eye  shows  better  than  any  tele- 
scope—wttch  as  the  sodiacal  iigbi  and  gegenschcin.  The  yubjecl  in 
C(nestion.  however,  is  not  that  of  drffiiscd  and  hnzy  light,  hut 
[cunipaet  and  clearly  defined  bodies  with  clear  cut  discs,  where  the 
bigger  and  more  powerful  the  tclcscojw  the  better  Ihey  must 
be  seen. 

I'n<lcTstnndinn  this,  it  must  be  clear  that  the  Lick  telescope 
should  be  .'t  erileriiMi  in  this  ease  and  by  its  verdiet,  if  rightly  in* 
lerpreieil  by  me,  the  Arequipa  ol^tservations  of  the  forms  of  these 
satellites  must  stand  or  Inll. 

I.et  it  Iw  nndersiood,  however,  thai  my  observations  and  criti- 
cisms hnve  no  reference  tn  the  observations  of  the  surface  mark- 
mjj»  or  the  theories  of  the  physical  conditions  of  the  satellites,  09 
contJiine<l  in  the  papers  under  criticism. 

From  my  olwervations  with  the  3*i-incli  I  hnve  collected  the 

following  notes  on  the  forms  of  these  satellites  when  seen  off  the 

disc  of  Jupiter.    A  power  of  lOOil  diameters  has  been  uniformly 

r/sed,  as  recommended  by  IVofessor  Pickering,  several  times  how- 

rvcrwhen  the  conditions  |icrmiited.a  still  higher  power  was  used. 


To  show  tTic  conditions  nf  seeing  or  slendfness  of  the  image  I 
have  assn mod  five  as  representing  the  best  definition.  For  con- 
venience of  future  reference  the  Stan<lard  Pacific  Time  (8  houra 
slow  or  Greenwich)  is  pjven. 

From  a  desire  to  explain  the  ntiotnalous  appearance  of  the  1st. 
Batcllite  when  in  transit  Sept.  S,  1890  (see  M.  N.  for  February, 
18U+),  I  had  previously  cxnmincd  this  satellite  with  the  36-inch 
with  Mr.  Ilurnham  *ievcral  tinies  in  hope  of  getting  some  ex- 
planation of  its  apparent  duplicity  at  the  transit  mentioned. 
ISDl,  Oct.  ft,  Mr  Bumham  and  I  carefully  examined  the  form  of 
the  first  satellite  near  elongation.  Seeing  4  to  5;  power  350  to 
1500.    Jupiter  on  the  meridian. 

The  satellite  was  ]>erfectly  round.  Mr.  Burnhain  examined  it 
carefully  and  was  positive  that  it  was  perfectly  roimd.  We  also 
examined  II,  III  and  IV,  and  tliey  were  perfectly  round. 

There  was  a  white  spot  at  the  south  limb  of  III,  observation 
from  Q**  ll*  to  9''  -tO"^.  Later  we  examined  I  again,  seeing  3  to  4, 
from  10"  36'*"  to  10"  5&".  During  glimpses  of  good  seeing  the 
satellite  was  perfectly  round  to  us  both. 

1891,  Oct.  16.  From  i*"  35"'  to  9"  SO"'  we  again  examined  the 
first  satellite.  Seeing  from  2  to  3.  During  moments  of  best  defi- 
nition I  was  perfectly  roimd.  as  also  was  II  in  field  with  it. 

Everyone  faniilinr  with  Mr.  Burnham's  extraordinary  keenness 
of  TiBion.  and  his  wonderful  power  of  detecting  any  defect  in  the 
roundness  of  the  image  of  a  star,  will  agree  at  once  that  this 
satellite  must  have  been  ntund  on  these  occasions. 

Since  then  1  have  examined  the  satellites  with  the  36-inch,  the 
observations  bearing  directly  upon  the  verification  of  those  made 
at  Arequipa.  Sonic  of  these  observations  I  quote  here,  with 
1,U00  diameters  unless  otherwise  stated. 
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;o  16"  37'*.    Scemg  =  4.    .Ml  Ibnr  of  the  aatdlitn 
perfcrtly  rounr). 
AM  (niir  ar«  rniinH 
.All  four  are  round. 

Satellite  J  ix  prHcrlly  runnd.    SmnR  =  4. 
SeciiiiE  '=  4,  cacti  of  the  satellites  is  ronnil. 
Seeing  ~  5.    .\I1  four  are  roniiil. 
Ill  ia  perfectly  rounii. 
All  fonr  nn  rnnnd, 
111  perfcrtly  ronoJ. 
r  in  jvriectlj  round. 
All  four  arc  round  and  clearly  defined, 
III  with  l.SOO  perfect ly  round. 
I,  It.  Ill  perfectly  round. 
I  and  III  perfectly  round,  seeing  =  4. 
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Scritig  =  -t.    1,  II,  in  nrrronod. 

Seeing  =  6,     All  the  uttdlitc«  art  round. 

ITT  U  ticanttfullv  ruunil, 

III  U  perfectly  rtjiinH.     Svrilli{  ^  4. 

!II  is  (wrArtly  round. 

t  ia   near   tnuiirit.   Jollowtng,   it  nppcon  alightljr 

clongntcritowardajapiur. 
AH  four  uTt  round.    Seeing  =  3.    NofUi  Pole  of  ni 

IS  white. 
All  lire  mund.    TIh:  south  Pole  ol   IVJvliftht,     Til* 

N,  Pole  of  III  is  liKht.    SeeiiiK=:4. 
I,  11.  Ill  encb  is  rouiiil.    IV  sceins  a  UtlW  detirieni 

on  follDwin^  aide  im  it'  u  «li(;ht  p^HM  existed. 

Uri){ht  s|iot  nt  south  Pole  tA  IV.    Uright  spot 

•tnorlti  I'oVof  III. 
6*  sot  to  e»  55**.  I.  U,  III  arc  roond.    IV  is  sliRiiti;  drA. 

cimt  DO  following  side  at  if  a  Blight  phnse  or  « 

dfifk  nrea  existed  on  h. 


In  Alontbtr  Notices  of  the  R,  A.  S.  for  February,  1894,  I  have 
given  an  account  of  the  discovery  of  a  bright  belt  on  satellite  I. 
It  secme  to  me  that  with  a  very  high  magnifyinj^  power  and  not 
the  best  seeing,  the  tliiskiness  uf  the  }>ole9  of  this  satellite  and  its 
while  equatorial  hck  mij<ht  f^vc  the  appearance  of  elongation 
towardH  the  planet  as  noted  by  me  £>cc.  3.  But  Professor  Picker- 
ing would  not  lie  deceived  by  this. 

From  the  drawings  given  in  Astronomy  and  Astko-I'iivsics 
for  June,  1803,  Uie  distortions  of  the  ii.nlellite  discs  are  so  con- 
sptcuotts,  that  it  would  seem  impossible  for  them  to  escape  detec- 
tion with  ourgrcat  telescope, even  with  the  most  casual  obscr\'a- 
tiou,  aud  for  such  to  elude  a  careful  and  couscieutious  inspection 
would  l»e  very  remarkable  tn<lecd. 

It  seems  to  me  that  with  a   very  high  magnifying  power  on  a 

lall  telescope,  the  surface  markings  of  the  sntcllites  theinselveii, 
rhen  near  the  edges  of  their  discs,  might  readily  cause  an  appar- 
ent distortion  of  the  satellites,  as  these  same  markings  certainly 
do  when  the  satellite  is  seen  in  transit. 


APPRARANCES  OF  THE  IIIrD  SaTEJ-LITE  IN  TRANSIT. 

Tn  reference  to  the  observations  of  the  tlird  sntellitcon  Septem- 
ber 17-24  and  Nov,  6, 1893,  perhaps  a  few  more  details  may  be 
of  interest. 

On  September  17th,  a  dnsky  Iwit  on  this  satellite  was  quite  a 
noticeable  feature.  It  was  possible  to  determine  the  position  an- 
gle of  this  with  considerable  precision.  13^  40-  (St.  P.  T.)  from 
fonr  setttngsi,  the  potition  angle  was  108°.3.    Mr.  Garrett  P. 


Scrvtss  of  Hrooklyn,  N'ew  York,  who  was  in  fhe  dome  whli  nic 
at  tlie  (irtie,  also  saw  ihc  Iwlt  clcnrly.  One  setting  of  the  wires 
hy  this  genilcmen  gave  the  position  angle  114°.  We  both  agreed 
that  there  was  a  iliilnsion  of  this  belt  towards  the  south  near  the 
following  liinli  oi'  the  satellite.  The  last  contact  of  III  with 
Jupiter  nl  emcrgetice  from  transit  was  at  IS**  53*"  St.  P.  T, 

Sept.  24-.  The  satellite  was  very  niuclnlefurmcrl  during  transit ; 
the  south  preceding  part  of  the  disf  being  (Icheient,  giving  il  ihc 
appearance  shown  in  the  sketch.  There  waa  evidently  a  dark 
spot  on  the  s.  p.  portion  of  the  sntelhte,  this  l>eing  nbotil  the 
same  shade  as  that  portion  of  Jupiter,  caused  the  south  preced- 
ing portion  of  III  to  be  undistinguishable  from  the  surface  of  the 
planet.  A  fragment  of  a  dusky  lielt  was  also  seen  cutting  across 
the  lower  visible  portion  of  the  satellite.  After  emerging  from 
tlic  face  of  Jupiter,  III  was  perfectly  round,  and  the  dusky  licit 
could  be  seen  as  on  Sept.  17.  At  mid-transit  the  south  limb  of 
III  was  tangent  with  the  stmth  limb  of  Jupiter. 

Following  are  observations  of  III  when  entering  transit: 

First  contact  satellite  aud  planet       16"      4-"'.5  St.  P.  T. 
Satellite  (^oD  16      19  .5      "    " 

Satellite  completely  inside  the  disc    10     30.0     "    " 

Nov.  6.  The  belt  and  dusky  spot  were  Been  again.  At  ll*  45* 
two  settings  of  the  wires  gave  1H".3  as  the  position  angle  of  the 
belt.  The  plieitoniena  of  the  transit  of  Sept.  24.  was  reiJcatcd 
except  that  the  dirfecLive  part  was  smaller — the  satellite  present- 
ing a  slightly  different  face  to  us.  The  transit  was  observed  with 
1000  diameters  anil  the  seeing  =  4.  The  two  drawings  of  this 
dale  are  sell  explanatory.  The  one  before  the  satellite  entered  in 
transit,  shows  a  dusky  region  on  its  north  preceding  side,  and 
thislK-iugof  the  same  depth  of  shade  as  the  planet  ou  which  it 
was  later  projected,  gave  the  np|X'arancc  of  a  defect  in  the  sym- 
metry of  the  satellite  when  in  transit,  as  shown  in  the  second 
drawing. 

Comparing  the  first  of  these  two  drawings  with  that  of  Sep- 
tember 1 7  it  will  be  seen  that,  if  the  dusky  shading  is  the  same  in 
both  cases,  and  I  think  it  is.  the  satellite  period  of  rotation  is  dif- 
ferent from  that  of  its  revolution  about  Jupicer.  From  thismnrk- 
ing.  if  it  is  permanent,  the  rotation  of  the  satellite  can  be  easily 
determined,  and  I  hope,  if  circumstances  permit,  to  decide  this 
fjue&tion  at  the  next  opposition  ofjupiter. 

In  these  cases  the  satellite  off  the  disc  was  perfectly  round,  but 
while  on  the  face  of  the  planet  was  defective,  and  this  was  obvi- 
ously caused  by  the  dusky  marking. 
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TrAECSPAKKXCV  of  TFtE  LUtR  OP  JlTPITBK. 

Ani<ing  the  miiTiy  questionable  phenomena  of  Japiter  nnd  hts 
Qjoons  there  is  one  that  seems  to  hnve  gained  n  respwtable  foot- 
ing in  aBLTon<>niicnl  literature.  It  hns  Iiecn  more  thnn  onee 
clnimed  that  the  satellites  have  been  seea  through  the  limb  ofjup. 
iter  when  undergoing  (Jtcultation. 

In  ray  mind  this  has  been  dnc  to  cither  poor  seeing,  a  poor  tele- 
5C4>pc  or  "an  excited  observer." 

For  nearly  fifteen  years  T  have  observed  Jnpitcr  and  his  satel- 
lites, and  with  telcscofics  all  the  way  from  5  inches  n|)  to  8G 
inches  have  tried  to  sec  this  phenomenon.  1  have  often  watched 
the  satellites  under  first  class  seeing  with  the  12-meh  here  at  oe- 
cultntion,  but  have  never  sem  one  of  them  through  the  Umh  of 
Jupiter  though  that  phenomenon  whs  specially  looked  fur. 

1  have  also  made  the  following  notes  on  this  subject  with  the 
.H6-inch. 

1891,  Oct.  22d,  Mr.  Burnham  and  i  watched  satellite  11  at  oc- 
cultation.  Seeing  ^=  4.  The  limb  of  Jupiter  seen  dtstinctlycntting 
the  satellite.  When  last  seen  there  was  only  the  tiniest  speck  of 
II  protruding — this  (piiekly  dtsap|Nraretl.  .Neither  of  tis,  taking 
turns,  could  see  the  slightest  trace  of  the  satellite  through  the 
l^lanet.  It  passeil  behind  a  part  of  the  limb  where  one  of  the  dark 
belts  should  join  it. 

1892,  Aug.  12.  16"  6™  48'  Standard  Pacific  Time.  Satellite  U 
lisectef]  in  coming  out  from  occultatton.  Carefully  watched  for 
my  trace  of  it  through  Jupiter.    It  was  sharply  cut  by  the  limb 

of  the  planet  which  was  sharply  defined.  The  satellite  was 
strongly  contrasted  with  the  limb  but  no  trace  or  it  could  lie  seen 
tfarongh  the  planet.    Seeing  =  5.    First  class  ol>servation. 

18fl2,  Sept.  14..  14"  11™  17' Standard  Pacific  Time.  Satellite  I 
bisected  at  emergence  from  occultation.  Sliarply  cut  by  the  limb, 
no  trace  of  it  through  the  planet.    Seeing  =  5. 

189S,  Sept.  .1.  14"  3U™  23*  St.  P.  Time.  Satellite  I  bisected 
coming  out  from  occultation.  Beautifully  cut  by  the  limb.  No 
trace  of  it  through  Jupiter.  It  came  out  at  the  end  of  a  heavy 
narrow  belt  north.  Sfitellite  very  white  compared  with  the  limb 
— a  strong  contrast. 

The»c  obRervatinns  have  l>een  made  with  cnre,  with  the  most 
powerful  telescojie  that  to-day  can  be  applied  to  such  observa- 
tions, and  the  limb  of  Jupiter  has  appeared  perfectly  opaque — as 
at  all  pn.n'ious  ohservniions  with  the  smaller  telescopes. 

I  think  it  is  high  time  that  astronomers  reject  the  idea  that  the 


satellites  of  Jupiter  can  f>e  seen  through  his  limb  at  occnltation.  | 
When  the  seeing  is  bad  there  is  u  spurious  limb  to  Jupiter  thAt: 
well  mi^bt  give  the  appearance  of  transparency  at  the  the  occul-j 
tation  of  n  Katellite.  Hut  umlcr  first  class  conditions  the  limb 
Jupiter  18  perfectly  opaque.  It  ta  quibbling  and  l>cf;gmg  the, 
question  altogether  to  say  that  the  phenomenon  of  trnnspnrmcy 
may  be  a  rare  one  and  so  have  escaped  my  observation.  Has 
auy  one  Baid  yet  that  the  Moon  was  transparent  when  a  »tmT\ 
1mi»  been  seen  projected  on  it  wlien  it  ought  to  have  been  bcfaindfj 
Mt.  Hamilton,  1S1>4,  March  8. 


MKCHANICAL  CAUSES  OP  THE  FORMATION.  MOTION  AND  PBRIOD. 
ICtTYOFTHESUN  SPOTS' 


J.  M.HCHABHB&Ltt. 


In  previous  papers  Ijcaring  more  directly  upon  the  form  of  ibe 
Sun's  coronii.  I  liavc  repeatedly  slateil  that  the  ob«rve«l  dnta 
obtained  during  solar  eclipses  indicated  that  the  corona  was  the 
visible  representation  of  cjeetive  effects  produced  by  forcen  acting 
mainly  in  the  Sun's  spot  zones.  Xo  attempt  was  made  to  assiKn 
the  reiison  why  the  solar  forccH  should  \>c  most  active  in  pnrticti- 
lar  regions;  the  observed  fact  was  simply  made  use  of  to  explain 
certain  other  phenomcnu. 

The  object  of  the  present  paper  is  to  point  out  that  according 
to  niechaittcii)  priticiplcs  every  in«indcwant  rotating  lirinid  or 
gaseous  body  undergoes  periodical  surface  changes  in  the  form  of 
zonal  waves  of  varj-ing  surface  strength  jiccompanied  by  change* 
of  internal  pressnre. 

Any  non-rotaiiiig  incandescent  liqui:^  or  gaseous  mass  in  space 
will,  through  the  action  of  grnvitr  and  heat  radiation,  tend  to 
assume  a  spherical  form,  the  temperature  at  the  surface  lH>ing 
lower  than  the  interior.  For  any  given  element  the  increase  ol 
temperature  and  pressure  witli  the  depth  below  the  surlncc  placm 
each  pnrticle  in  a  state  of  unstable  equilibrium,  so  that  nny  di». 
turbance  of  this  condition  at  once  restdts  in  a  series  of  ascending 
heated  current*  and  descending  cooled  currents  of  matter,  such 
that  at  any  given  infitnnt  the  density,  temperature  and  rndta| 
Yclocity  at  the  surfricc  of  any  given  spherical  shell  within  the 
body  will  Ik  the  same  at  every  point  of  the  shell.  If  now  a  mo* 
tion  of  rotation  is  given  to  the  sphere,  the  homogeneity  of  the 
surface  of  any  given  shell  is  completely  destroyed. 
*  Commanicatcd  hy  tbe  aathor. 
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Tbe  actual  condiiions  relating  to  vanation  in  temperature, 
velocity,  density,  etc.,  are  unknown,  as  is  also  the  form  of  the 
complete  equations  for  determining  the  relative  motionti  of  the 
rotating  mass.  The  general  dTect  of  these  tnccmal  forces  can, 
however,  be  traced  with  couHiderable  certainty,  as  will  be  shown 
in  this  paper. 

As  the  (lircci  cause  of  the  n on- homogeneity  of  any  spherical 
shell  is  the  anfjti'nr  motion,  we  shnll  only  consider  those  relative 
motions  which  nrc  due  to  axial  rotation. 

In  the  following  table  relative  values  are  given  for  the  rudely 
approximate  conditiims  existing  for  particles  enclosed  between 
the  two  hounding  surfaces  of  any  tbin  spherical  shell  and  the 
two  conical  bounding  surfaces  of  an  intersecting  spherical  sector 
having  a  small  constant  breadth  in  latitude,  the  axis  of  the  sec- 
tor  coinciding  witli  the  axis  of  rotation. 
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The  last  columu  of  the  above  table  shows  that  at  the  begin- 
ning uf  rotation  the  tendency  of  the  surface  matter  to  mo%'e 
toward  the  ecinalor  is  greatest  in  the  middle  latitudes,  the  kinetic 
C3iergy  of  the  mass  moving  towards  the  equator  is  also  greatest 
in  the  same  latitudes. 

For  the  sake  of  brevity  four  tigures  have  been  drawn  which  give 
a  graphical  representation  of  what  would  require  too  mncb  space 
to  describe  in  full. 

In  Fig.  (1)  the  length  of  a  normal  ordinate  to  tbe  boundaries 
of  the  shaded  areas  Q,  Q,  represents  tbe  relative  magnitude  of 
mass-motion  towards  tbe  equator,  at  the  beginning  of  rotation, 
for  any  given  latitude.  The  curved  full  lines  drawn  tangent  to 
the  dotted  radial  lines  indicate,  in  a  general  way,  the  paths  of 
particles  in  different  latitudes,  moving  from  tbe  interior  towards 


aatellit«sof  Jupicercanbe  aeen  through  his  Umb  at  fjccoltation. 
When  the  seeing  is  bad  there  is  a  spurious  limb  to  Jupiter  that 
well  uitght  give  the  appearance  of  transparency  at  the  the  oceal- 
tatiou  of  a  satellite.  But  under  6r8t  class  conditions  the  limb  of 
Jupiter  is  perfectly  opaque.  It  is  quibbling  and  beggitig  the 
question  altogether  to  say  that  the  phenomenon  of  transparency 
may  be  a  rare  one  and  so  have  esca{>cd  my  observation.  Ila* 
any  one  said  yet  that  the  Moon  was  transpaivnt  wlicn  a  star 
has  been  seen  projected  on  it  when  it  ought  to  have  been  bchtad? 
Mt.  Hamilton.  1804-,  March  8. 


MECHANICAL  CAUSESOPTHE  FORMATION,  MOTION  AND  PERIOD. 
ICITYOFTHESUH  SPOTS.' 


J.M.SCUABBBRLB. 


In  previous  papers  bearing  more  directly  upon  the  form  of  the 
Sun's  corona,  I  have  repeatedly  stated  that  the  observed  data 
obtainetl  during  solar  cchpses  indicated  thai  the  corona  watt  the 
visible  rcpre^icntation  of  ejective  effects  ]>roduced  by  forces  acting 
mainly  in  the  Sun's  spot  xones.  No  attempt  was  made  to  assiKQ 
the  reason  why  the  solar  forces  should  be  most  active  in  particu- 
lar regions;  the  observed  fact  was  simply  made  use  of  to  explain 
certain  other  phenomena. 

The  object  of  tlic  present  paper  is  to  point  out  thnl  according 
to  mechaiiica)  principles  cvei-y  incandcscant  rotating  liquid  or 
gaseous  body  undergoes  periodical  surface  changes  in  the  form  of 
zonal  waves  of  varying  surface  strength  accompanied  by  changes 
of  intcnial  pressure. 

Any  non-rotating  incandescent  liquid  or  gaseous  mass  in  space 
will,  through  the  action  of  gravity  and  heat  radiation,  tend  to 
assume  a  spherical  form,  the  temperature  at  the  surface  being 
lower  than  the  interior.  For  any  given  clement  the  increase  of 
temperature  and  pressure  with  tl»e  depth  below  the  surface  places 
each  particle  in  a  state  of  unstable  equilibrium,  so  that  any  dis- 
turbance of  this  condition  at  once  results  in  a  scries  of  ascending 
heated  currents  and  descending  cooled  currents  of  matter,  such 
that  at  any  given  instant  the  density,  temperature  and  radial 
velocity  at  the  surface  of  any  given  spherical  shell  within  the 
body  will  be  the  same  at  every  point  of  the  shell.  If  now  a  mo- 
tion of  rotation  is  given  to  the  sphere,  the  homogeneity  of  tbc 
surface  of  any  given  shell  is  completely  destroyed. 

*  Communicated  by  the  author. 


actual  conditions  relating  to  variation  in  temperature, 
velocity,  density,  etc.,  are  unJtnown,  as  is  also  the  form  of  the 
complete  equations  for  determining  the  relative  motions  of  the 
rotating  mass.  The  general  effect  of  these  internal  forces  can, 
however,  be  traced  with  considerable  certainty,  as  will  be  shown 
in  this  paper. 

As  the  direct  cause  of  the  n  on -homogeneity  of  anj'  spherical 
sbdl  is  the  angiitar  motion,  we  shall  onlv  consider  those  relative 
motions  which  arc  due  to  axiat  rotation. 

In  the  following  table  relative  values  arc  given  for  the  mdely 
approximate  conditions  existing  for  jMinicles  enclosed  Ijclvvecu 
the  two  bonnding  surfaces  of  any  thin  spherical  abetl  and  the 
two  conical  bounding  snrfaccs  of  nil  intersecting  spherical  sector 
having  a  small  constant  breadth  in  latitude,  the  axis  of  the  sec- 
tor coiuciding  with  the  axis  of  rotation. 
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The  Inst  column  of  the  above  table  shows  that  nt  the  begin- 
ning of  rotation  the  tendency  of  the  surface  matter  to  move 
toward  the  equacor  is  greatest  in  the  middle  latitudes,  the  kinetic 
energy  ttf  the  mass  moving  towards  the  equator  is  also  greatest 
in  the  same  latitudes. 

For  the  sake  of  brevity  four  figures  have  l>cen  <lrawn  which  give 
a  graphical  representation  of  what  would  require  too  much  space 
to  descrilic  in  full. 

In  Fig.  (1)  the  length  of  a  normal  ordinate  to  the  boundaries 
of  the  shaded  areas  Q,  Q,  reiirescnts  the  relative  magnitude  of 
iiiiua*niotion  towards  the  equator,  at  the  beginning  of  rotation, 
for  any  given  latitude.  The  curved  full  lines  drawn  tangent  to 
the  dotted  radial  lines  indicate,  in  a  general  way,  the  paths  of 
juuticlca  in  different  latitudes,  moving  trom  the  interior  towards 
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the  snrface.    The  rate  of  curvature  of  these  paths  increases  witb 
an  increase  in  the  velocity  of  rotation. 

Now  snbincrge<]  particles  in  a  zone  of  given  latitude,  come 
to  the  surface  in  a  xone  of  less  latitude,  cou84X|ucutIy  the  rcsultr 
ing  lingular  suriVicc  velocity  will  in  pcneral  be  less  than  the 
equatorial  taken  as.  a  standard  as  has  alreaily  been  puiutcd  out 
by  Paye.  The  n:tardation  from  this  cause  will  be  greatest  in 
the  middle  latitudes. 

In  l-'ig,  (1)  for  instance,  a  series  of  submerged  particles  on 
radii  cutting  the  surface  at  the  points  K'.  R',  T*  all  on  the  same 
meridian,  come  to  the  smlacc  at  the  points  K,  K,  T  all  in  less 
latitudes,  with  linear  velocities  eonvsponding  to  greatci'  lati- 
tudes a  consequent  retardation  of  angular  velocity  results  from 
this  change  in  latitude. 

The  retardation  from  this  curve  is  zero  at  the  equator  and  at 
the  poles  and  a  maxiTnum  in  middle  latitudes. 

The  ordinates  to  the  black  radial  area  are  roughly  proportional 
to  the  amount  of  retardation  per  unit  of  time  for  diflercnt 
latitudes. 

WHiere  the  surface  flow  is  greatest  the  density  at  the  bcgianiog 
of  rotHtion  will  be  least,  a»  the  heated  matter  from  the  interior 
is  allowed  easiest  access  to  the  surface,  consequently  the  thick- 
ness or  density'  of  the  cooled  surface  will  be  at  a  maximum  at 
each  pole  and  at  the  equator,  while  the  minimum  density  will  be 
ID  the  middle  latitudes.  The  normal  ordinates  from  the  circum- 
ference to  the  curve  li.  H,  roughly  represent  the  variation  of 
density  of  the  surface  due  to  longer  exposure  to  the  cold  of  space. 

The  aljovc  described  conditions  refer  to  the  forces  in  operation 
immediately  after  an  originally  non-rotating  incandescent  liquid 
or  gaseous  body  has  been  forced  to  have  a  motion  of  rotation 
about  a  central  axis. 

The  ordinates  to  the  shaded  wave-like  areas  iu  Fig.  (2)  roughly 
represent  the  relative  surface  strength  which  must  exist  m  the 
now  spheroidal  mass  at  some  subsequent  instant  of  time.  As  the 
surface  How  towards  the  e(|uator  is  greater  in  the  middle  lati- 
tudes than  it  is  in  tower  latitudes,  cooled  matter  must  evidently, 
for  a  time,  pile  up  as  at  AA,  and  also  at  the  equator  where  the 
flow  is  from  opposite  directions. 

Pig*  (3)  represents  a  still  later  phase  tn  which  the  masses  pre- 
viously at  AA  have  reached  the  equator  forming  the  great  mas^ 
c,  whUe  those  of  BB  have  moved  on  to  DU. 

Fig.  (4)  represents  the  conditions  in  which  the  waves  hav 
mean    values.    The  changing  surface  conditions  illustrated  ii 
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Pigs.  (2).  (3)»  (4),  (2),  etc.,  will  rollow  each  other  periodically,  in 
tlK  .)i-(]cr  given,  so  long  aa  tlic  rotating  body  retains  its  liquid  or 
^  Mjuus  slate. 

The  following  lawH  based  on  purely  mechanical  priuciplcs  are 
prolKibly  tnie  throughoul  Uie  whole  universe. 

Every  incamiesceiit  rotntiiig  UquiU  or  gaseous  body  in  sp&c 

which  has  as>suined  the  spheroidal   fonn  nndergoes  iienodical 

cbiuiges  bolh  of  its  surface  and  of  iiiterimt  pressure.    The  slouct* 

of  Sfeatc&t  and  least  surface  streujjth  are  parallel  to  and  coiitinti* 

^11 T  move  towards  tlic  equator  of  the  rotating  body.    The  sur- 

^ficre density,  in  the  polar  regions  is  always  comparatively  great. 

Xii  all  sucb  bodies  the  aiignlnr  velociLy  of  the  surface  will  Ije 
^^f-eatest  at  the  ectuator. 

Applying  this  new  principle  of  zonnl-wave  niolioiis  lo  the 
-t,l:m«ory  of  our  Sun  a  very  simple  explanation  of  the  hitherto  jmz- 
^li^g  phenomena  of  the  periodicity  and  motions  of  solar  disturb- 
saa^ccs  ia  obtained. 

Vi^ilhout  refeienceto  the  nctual  condition  of  matter  at  the  Sun'a 

sc:a  r^ice  (whether  liqnid  or  gaseous]  it  is  safe  to  aay  that  the  tern- 

►erature  is  lower  than   the  interior,  and   that   the  greater  the 

.rxiouat  of  moviug  surface  matter  in  a  g^iven  zone  the  greater  will 

bo  t.lie  depression  of  this  matter  tielow  the  general  surface  of  the 

*l>li«roid.  and  the  greater  will  be  the  amount  of  energy  developed 

b^-    the  e-tpausion  of  that  portion  of  the  cooled  matter  of  which  is 

'c>»"«::«d  to  flow  inward.    The  forces  developed  will  always  be  such 

*^»  -s*.  "t  there  is  a  constant  tendency  to  drive  adjacent  matter  awaj. 

^<^^rxi  Ihe  crest  of  a  zonal  wave;  so  that  the  general  Bow  towardi 

**"»  <^  equator  will,  for  n  time,  be  retarded  in  latitudes  greater  than 

***  ^*~X  of  the  zonal  crest,  and  accelerated  for  lower  latitudes. 

^n  FigB.  (2).  (3)  and  (4)  the  lung  radial  lines  or  arrows  (»,«',  a", 

JG',  p"  drawn  through  the  depressions  in  the  shaded  areas,  in* 

-sate  the  positions  of  the  zones  of  least  surface  strength.    In 

je^    {'2)  the  zones  »",  a"  moving  towards  the  equator  are  about 

"fcc  reinforced  by  the  advancing  masses  A,  A.    The  expression 

^m^nflowing  matter  due  to  the  excess  of  pressure  at  A  A,  retards 

^   velocity  of  adjacent  matter  in  higher  latitudes,  causing  sec- 

■  ^ar>'  crests  aa  at  BB,  and  intermediate  zones  of  weakness  fi", 

"  ,    These  systems    of  strong  and   weak  surface  zcmcs  follow 

:h    other  and   have  a  general  motion   towards  the  equator. 

.e  internal  pressure  will  evidently  reach  a  maximum  when  the 

^"*^  masses  A^  A,  from  both  hemispheres  unite  nt  the  equator,  as  in 

^^i^.  (3),  where  they  are  forced  to  flow  inwards;  the  expansion  of 

tJluis  inflowing  cooled  matter  causes  an  increase  of  internal  pres- 


Bare  which  will  Iw  greatest  in  a  submerged  equHtorial  zone.  The 
zones  of  weakness  «",  «■",  no  loujjer  exist  while  jtf",  fi'\  have 
noxe  moved  on  to  the  positions  a,  a.  After  the  greater  portion 
of  the  cooler  mass  C  lias  been  forced  into  the  interior  the  exccsts  of 
pressure  tltic  to  its  expunsion  becomes  less,  and  the  standard 
musses  D,  D,  are  aguin  accelerated.  New  zones  of  strength  and 
weakness  form  and  travel  towards  the  equator  in  endless  succcs- 
sitin  iti  the  order  represented  by  the  surface  waves  of  Figs.  (3), 
(•!■),  (3).  (3).  etc.  If  for  anjr  reason  two  crests  or  two  depressions 
do  not  rcncli  the  equator  at  the  same  time  diflerences  of  phase 
will  result  in  the  two  hemispheres. 

For  a  j}crfectly  symmetrical  distribution  of  the  forceii  and  tnu- 
fcious  it  might  also  hapi»en  thnt  after  long  intervals  of  time  such 
final  conditions  of  things  might  result  that  the  zones  of  strength 
and  weakness  (crests  and  dqiressions)  would  for  periods  remain 
fixed  in  latitude.  Unbalanced  forces  due  to  a  lack  of  perfect  hom- 
ogeneity of  the  mass  would,  however,  constantly  tend  to  re- 
create zonal  wiivcs  moving  towards  the  equator. 

The  interval  of  time  IxTtweeii  two  successive  similar  phases  in  a 
given  zone  will  depend  upon  the  fluidity  of  the  mass  and  t)ie  ve- 
locity of  rotation.  For  a  mean  surface  velocity  of  three  miles  per 
hour  (towarils  the  equator)  the  i>eriodic  time  will  be  about 
eleven  years  in  the  case  of  a  body  as  large  as  the  Sun. 

Starting  from  a  mean  condition  of  the  solar  surface  as  rei}rc- 
sented  by  Fig.  (4),  the  principle  zones  of  weakness  are  at  a',  a*, 
fi',  fi' ,  and  eruptions  on  the  surface  will  be  mostly  confined  to 
these  zones.  Owing  to  the  mass  motion  the  eruptions  at 
«",  a",  will  gradually  disappear  as  the  zone  approaches  the 
e<juator  at  the  same  time  those  in  the  zone  p",  fi",  will  increase  in 
uumlier  both  on  account  of  the  stoppage  of  the  rents  in  the  zone 
a",  a",  and  because  of  the  diminishing  distance  of  the  zones  P'\ 
/3",  from  submerged  equatorial  region  of  greatest  pressure.  This 
pressure  will  evidently  reach  a  maximum  for  the  conditions  rep- 
resented in  Fig.  (3),  in  which  the  submerged  efjuatorial  zone  of 
cooler  matter  attains  its  greatest  volume.  The  neighboring  zones 
of  weakness  a,  a.  Fig.  {3)  most  readily  give  way  to  the  excess  of 
pressure,  and  evidently  the  direction  of  the  streams  of  ejected 
matter  which  form  the  corona  may  at  times  deviate  very  lar^^'y 
from  the  normal;  the  magnitude  of  this  deviation  depending 
upon  the  relative  positions  of  the  center  of  greatest  force  and  the 
surface  of  least  strength  at  which  an  eruption  takes  place.  Gaps 
or  rifts  in  the  corona  will,  in  general,  be  found  opposite  the  zonet» 
of  greatest  strength. 


As  lo  tire  causes  wliich  produce  tlie  pherKimena  observed  in  and 
nrountl  solar  spots  tlic  limits  of  this  paper  prevent  nny  extcnilcd 
remarks.    The  spectroscopic  observations  of  Hale,  Lockycr,  Scc- 
cbi,  Yoiinp  unti  others  seem   to  demonstrate  that  the  spots  arc 
■    caused  by  cooled   matter  coming  from  higher  regions,  and  thut 
Bthe  focnlee  are  prubobly  the  more  highly  heated  masses  rising 
Hfirom  a  lower  level,    The  ^-iews  of  Setzchi,  that  the  sijots  arc 
Vcaascd  by  stri-nms  of  eiei;ted  matter  falling  back  to  the  Sun  near 
bot  not  at  the  place  of  ejection,  seem  to  offer  the  simplest  expla- 
nation  of  the  observed    phenomcnn.    Every  spot  once  formed 
I  would  represent  a  surface  of  great  strength,  thus  offering  greater 
resistance  to  emptiotis  from  the  interior  than  the  more  heated 
tieig-hboring areas:  and  the  indraft  over  such  n  spot  wouUI  con- 
tinually draw  in  cottle<I  material  from  neighboring  eruptions  thus 
tending  to  pcrpctnatc  the  spot  long  after  the  primarj-  eruption 
has  censed  to  exist. 

iln  agreement  with  the  theorj'  that  the  surface  density  at  the 
poles  of  an  incandescent  rotating  body  is  greater  than  at  lower 
lattttides,  observations  show  that  in  very  high  latitudes  the  erup- 
tions arc  not  only  rare  but  when  seen  are  fouud  to  be  of  conii>ara- 
Tivcty  short  duration,  so  that  conspicuous  circumpolar  spots 
would  not  be  cxj^ctcd. 

Tlic  application  of  Lhc  principle  of  zonal  wave  motions  to  the 
|zn«chautc8  of  our  own  atmosphere  and  also  to  that  of  Jnpiter 
ind  its  bearing  upon  the  variability  iu  the  light  of  the  6xcd  stars 
^  reserved  for  a  Inture  paper. 
Lick  Observatohv,  March  7, 1894. 


Dklivbked  by  the  President,  Captain  W.  de  W. 
.Vbsbv,  C.B.,  R.E.,  D.C.L.,  F.R.S.,  ox  PKESEiCTiNr.  thb 
Gouo  Mbpal  to  Mr.  S.  W.  Buknh.\m. 


Tlie  Gold  Medal  of  the  Royal  Astronomical  Society  has  been 

^awarded  by  the  Council  to  Mr.  S.  W.  Bumham  for  his  discovery 

land  measurement  of  double  stars;  and  following  the  custom  of 

|tllc  Society,  it  is  the  duty  of  the  President  to  lay  before  it  the 

grounds  on  which  the  award  has  been  made. 

1  can  scarcely  hope  to  do  justice  to  the  labors  entailed  in  the 

[vxtcnaire  rescnrchcs  made  by  Mr.  Bnrnhain,  and  to  his  discovcr- 

1  believe  I  am  correct  in  stating  that  Mr.  Buroham's  ftfst 


astronomical  communication  was  made  to  the  English  Mechanic. 
It  is,  however,  with  his  star  catalo^es  and  other  later  com- 
munications to  which  your  attention  must  be  drawn.  The  cata* 
logues  of  double  stars  which  he  has  given  us  amount  to  no  less 
than  nineteen  containing  l,274f  new  dou1>Ie  stars,  a  number 
which  far  exceeds  those  discovered  by  any  one  observer. 

Burnham's  first  catalogue  of  new  double  stars,  i>nblishe(1  in 
1873.  consisted  of  SI  pairs,  which  were  discovered  with  a  fi-inch 
Alvan  Clark  refractor  at  Chicago,  and  occupied  his  time  from  1870 
to  1S72.  The  distances  of  the  doubles  in  this,  as  in  several  of  his 
first  caljilogues,  were  estimations  and  not  exact  measurement*, 
his  telescoiK-  not  being  furnished  with  a  micrometer.  It  may 
licre  be  incidentally  remarked  that,  during  the  discovery  of  some 
of  these  pairs,  he  was  in  commutiication  with  Ptmhowski,  who 
measured  many  of  them,  whilst  otliera  were  measured  by  our 
Fellow,  Mr.  Knott,  and  appear  in  his  catalognc.  The  measures 
by  Dembowski  were  not  published  till  after  this  observer's  death, 
and  were, comparatively  speaking,  recently  (188S)  printed  by  the 
Jieah  Accarleraia  dci  Lincei  at  Rome.  The  first  catalogue  con- 
tains several  pairs  which  are  very  difficult  to  see  with  a  6.incb, 
even  when  they  are  known  to  be  doubles.    I*or  instance 

Ninnbcr  to  CataloRue-        Majgiiituile!.  Di»tuncc». 

4,  7  dud    Hi,  0.r, 

IS  8    "    12  1.0 

63  'ft    "    12  0.7 

Ilurnham's  second  catalogue  contained  twenty-five  new  double 
stars,  and  was  like  the  first  published  hy  this  Society  in  its 
Montbiy  Notices  and  in  the  same  year,  viz.,  1S73.  The  0-inch 
was  still  his  instrument,  and  the  class  of  star  is  about  the  same, 
as  will  be  seen  from  the  following  examples: 


Xunilier  io  Catalogue.         Mn^nflwlcs.  Distance*. 

N9  <)Hnd    9  O.Q 

96  6    "    14-  3.5 

10*  7    "    12  3J5 

His  third  catalogue  contained  seventy -six  new  doubles,  and  was 
also  published  in  1873.  In  this  Bumham  began  to  impose  re- 
strictions on  his  observations,  rejecting  distances  exceeding  6"" 
and  faint  pairs  below  the  ninth  magnitude  when  not  connected 
with  a  brighter  star.  He  thus  early  appears  to  have  grasped  the 
true  idea  of  weeding  out,  instead  of  cataloguing,  useless  or  unin- 
teresting pairs.  The  four  following  stars  are  from  this  catalogue : 


Nmnbcr  la  Cattilagae.        Maguiludc*. 


Dittnneett. 


laOvSrorpii  i     nnd    S  0.8 

138  m    •'    10  1.0 

141  714    "      8H  0.+ 

151  >$n«lphini  3Vj    *■      5  0.7 

This  catalogue  is  important,  as  containing;  a  doss  of  double 
[.S"tcir  peculiar  to  Bumham's  catalogues.    I  refer  to  pairs  where 
iVini  principal  star  is  u  naketl-eyc  star,  and  the  companion  close 
a^jd  faint. 

In  Uie  pair  y  Scorpii,  the  principal  star  is  one  of  the  4th  mag- 
nitude and  the  coni|>anioD  of  the  8th  magnitude,  at  a  distance  of 
\cai  thuu  half  a  second ;  the  discovery  of  this  pair  is  a  remarka> 
'bte  fent  with  a  6-inch,  and  the  more  so  as  another  companion  to 
FScorjni  had  lietrn  nieusured  by  many  olwwrvers  before,  and  the 
chief  component  must  have  been  well  scrutinized.    Humham  says, 
"I  examine<l  it  several  times  under  the  must  favorable  circum- 
nances,  but  could  not  get  rid  of  an  apparent  elongation  of  the 
principal  star  in  u  direction  nearly  north  and  south.    I  re<|uc«ted 
Professor  C.  A.  Young  to  examine  it  wich  the  splendid  D.'t-inch 
Clark  refractor  of  the  Dartmouth  College  Observatory.    He  ex- 
amined it  eeveml  times,  and  at  lost  when  the  air  was  very  steady 
be  was  rather  luclineil  to  think.it  doulile,  although  he  could  not 
exta  notch  it."    This  star  was  early  known  as  a  wide  pair,  and 
Jacob  at  Madras  in  1S4j  found  the  companion  was  also  double. 
The  close  pair  was  tn  1K74>  measured  with  the  2G-tnch  Washing- 
ton refractor,  and  by  Denibowski. 

Prom  what  has  been  said,  it  must  be  evident  that  Bnmham  has 
a  remarkable  acuteness  of  vision,  and  an  eye  wo[iderfully  free 
from  defects  such  as  astigmattsni,  which  would  render  observa- 
tion;; such  as  these  impracticable, 

The  fourth  catalogue  was  published  in  the  Moatbly  Notices, 
June,  1H74,  The  fifth  catalogue  has  71  more  new  pairs,  and 
brings  oat  a  peculiar  charactenstic  of  your  medallist.  If  a  star 
disc  deviated  an  almost  infinitesimal  quantity  from  the  circular, 
his  eye  detected  it  at  once.  In  1874  at  Washington,  on  the  night 
of  August  11,  he  scanned  some  of  Ins  old  discoveries,  with  the 
rtsult  that  be  made  an  addition  of  14  new  pairs  to  his  list.  I 
give  one  instance.  No.  291  in  the  catalogue  had  on  some  occa- 
non  oflcnded  his  critical  eye  when  looking  at  it  through  the  6- 
inch,  wj  he  turned  the  20-incli  on  it  and  found  it  consisted  uf  two 
8H-magnitudc  stars  separated  by  a  distance  of  only  0".2.  Tam- 
ing, hy  chance,  the  telescope  on  to  34  E'egasi  its  mystei'y  also 
disappeared,  for  a  faint  companion  2"  south  was  discovered. 
In  1H70,  when  your  metlallist  began  his  work,  vcrj*  little  was 


beinf;  done  in  diacovcriiip  new  doubles.  Most  ohserveni  well 
contented  with  the  catalogues  of  the  Struves  and  Hcrschcl,  and, 
so  far  as  I  can  gather,  be  had  no  intention  to  add  largely  to  these 
catalogues.  His  acute  eye,  however,  rendcretl  tt  tmpossibtc  for 
hiui  to  stop.  Ht8  small,  thongh  very  jicrfect.  instrument  was  the 
means  of  breaking  through  that  resolution,  if  he  had  formed  one. 
As  /ilready  roentiuned,  Mr,  Burnham  has  added  o  new  class  of 
double  stars — viz..  naked-eye  stars  with  faint  companions.  The 
more  difficult  of  these  were  discovered  wth  the  3<i-inch  Lick  re- 
fractor, and  have  already  become  interesting.  Out  of  the  1,274 
new  double  stars  which  he  lias  discovered,  197  arc  nuked-cyc  stars, 
not  preWously  known  to  be  double.  Of  the  1,27-1  no  fewer  than 
120  have  been  proved  to  Ix:  physically  connected  by  hiter  meos- 
ttres.   He  has  found  new  components  to  113  old  pairs,  as  follows: 

W.  Slruve  (Menanra  Mtcronictrictc)         47 

O.  Sunvc  tPulkora  Cfttalogoc)                             ...  1* 

W.  Hcrschcl          U 

J.  Hcrscbcl           ^.  2S 

South        „,  9 

South  and  Uersclicl     »       ...         ...  7 

When  Mr.  Buniham  had  the  use  of  the  15^-inch*  refiroctor  of 
the  Dearborn  Observatory,  his  catalogue  still  showed  that  the 
maximum  dividing  jjower  was  what  he  sought,  and  a  star  from 
his  eleventh' catalogue  will  exemplify  this.  In  this  catalogue  was 
p  Scorpii  uf  the  second  magnitude,  w*itb  a  companion  ot  the  tenth 
magnitude,  distant  only  0.8".  Even  he  considered  it  a  very  dif- 
ficult pair,  and,  np  to  that  time,  far  l>cyond  any  close  pair  dis- 
covered, in  the  ineqnality  of  its  components.  No  second-class 
instrument,  however  large,  would  show  its  duplicity. 

In  the  same  catalogue  arc 

Magnitudes.  Distances 


n  Cvjftii 

4.5a(ifl  m 

7.2 

&2  UviSnv 

•e.l)    '•     11 

*  II 

51  Hcruulis 

5    ••     13.3 

2.6 

When  the  great  36-ineli  telescoiw  was  placed  at  his  command, 
he  determined  to  still  further  restrict  the  class  of  star  to  be  mcas- 
ored.  atid  in  selecting  stars  for  his  working  catalogue,  he  gave 
the  preference  to  such  as  could  not  or  would  not  be  observed 
elsewhere,  leaving  the  easier  systems  to  others.  Speaking  gener- 
ally', I  am  informed  chat  the  most  difficult  to  observe  are  the 
most  interesting,  and  but  for  the  care  he  bestowed  on  the  must 
difficult  of  the  old  systems,  as  well  as  those  of  his  own  discovery, 
a.  serious  gap  would  have  occurred  in  the  measures. 

*  This  should  rmd  l8Mrincfa  refractor,  and  eteremhithould  read  ilUrtcentb.— 1 


An  idea  of  the  recent  catalogues  may  be  derived  from  an  annly* 
,  sis  of  liis  eijjliiecnth,  which  contaiiia  the  numbers  (i  1225  to  fi 
1266,  that  is,  42  paira. 


DUtancM.  Pairs. 


T'ndcr 
Between 


Above 
A«  specimens  maj*  be  cited 


Numbers' 
1240 


It 

0.40 
0.15 
0.S3 


42 


Magnitudes. 

ft.3  and  105 
r>.6  "  6.0 
5.9    "    10.0 


TIk:  faintness  of  the  companions  and  the  small  distances  of  the 
;nt  Bumham  pairs,  indicate  interesting  researches  for  the  pos- 
[seasor  of  the  most  powerful  telescofies. 

In  all,  your  medallist,  as  tiefore  satd,  has  published  nineteen 
;ataIo^e8,  containing  1,274.  pairs,  and  I  believe  I  am  correct  in 
|«ayiug  that  still  one  more  cataloj^iic  Is  in  the  press,  for  I  learn 
that  the  proof  sheets  of  some  250  pages  have  left  his  hands  for 
'  publicution.  These,  it  may  be  presumed,  contain  observations 
L  made  at  the  Lick  Observatory. 
■     Cif  the  1.274  stars  already  published, 

VThna.  c 


123  pair*  are  under  0,5     apart. 

330  "        betwprn  0.5  and  1     " 

370         "  "  1    "    3     " 

168         "  "  2    "    3     " 

178         ■'  "  3    "    8     " 

205         •'       oTcr  6  " 


Mr.  Buni- 


fTThos,  of  all  known  pairs  whose  distance  is  under  V 

liam  has  added  more  than  one  half. 
U      We  must  also  note  that,  besides  the  measures  of  his  new  stars, 
H^re  are  indebted  to  him  for  many  thousands  of  measures  of  pre- 
H^onsly  known  doubles. 
W     Not  only  is  Mr.  Bumham  an  original  observer,  but  be  is  a  critic 

|«s  well.  He  criticised  the  catalogue  of  Sir  J.  Herschcl  in  a  paper 
-in  the  Motithh-  Notices  \a  1873. 
Nor  did  the  Bedford  Catalogue  escape  his  searching  scrutiny. 
A  paper  in  1880,  June, in  the  .Vfont A/v  .Vo(/ces  dealt  with  it  some- 
what severely.  But  all  his  criticisms  have  had  the  object  of  cor- 
recting and  pointing  out  errors.  His  paper  on  the  Trapezium  of 
Orion  is  an  example  of  this.  He  shows  that  the  minute  stars 
which  were  said  to  lie  within  it  aud  to  be  visible  with  smalt  tcl^ 
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scopes  are,  to  say  the  least,  mythical.  It  has  only  been  with  the 
36-inch  Lick  telescope  that  any  minute  stars  have  been  found, 
and  these  would  be  invisible  in  any  telescope  less  than  a  30-inch. 

Not  less  excellent  work  has  been  carried  out  by  your  medallist 
in  calculating  the  orbits  of  binaries;  and,  as  an  examble  of  the 
original  way  in  which  he  sets  to  work,  one  has  only  to  refer  to 
his  paper  in  the  Monthly  Notices  of  April,  1891,  on  the  Orbit  of 
the  Companion  of  Sirius.  It  may  be  mentioned  that  he  was  the 
last  to  obtain  measures  of  the  companion  of  Sirius  in  1890.  In 
1891  he  failed  to  detect  it  with  the  36-inch  Lick  U'lescope.  With 
these  last  observations  before  him,  he  re-computed  the  orbit,  and 
found  a  period  for  it  shorter  than  those  of  Gore  or  Howard,  his 
period  being  53  years,  whilst  theirs  were  58.47  and  57.02  respec- 
tively. Should  this  orbit  be  correct,  the  companion  should  be 
again  visible  this  j-ear. 

Of  double  stars  discovered  by  Burnham  which  have  short 
peroids,  the  following  are  some  of  the  most  remarkable: 

Period.  Period  Determined  bjr 

M  Peeasi  /3  989  11.37  Bamfaam 

fSHH3  IG.tiri  GlBBenapp 

85  I'egasi  =  j8  733  17.48 

j8Delplimi  =  itfl31  22.y7 

yArKua  =  /3lOl  23.3  Burnham 

/J  4115  24.7 

20IVr5ci  =  /(524  27.7  *' 

fi  tWJ  30.0  Glascnapii 

It  ap|K:ars  that  there  arc  only  two  other  binaries  whose  known 
periods  iirc  less  than  25  years.  I  may  interpolate  here  a  \vord  as 
to  a  seconil  most  valuable  paper  on  invisible  double  stars,  in  the 
same  number  of  the  Monthly  Xoticcs  in  which  Iiis  ]>aper  on  Sirius 
appears,  as  it  indicates  well  iiis  critical  capabilities.  In  it  he 
treats  of  the  irregularities  in  the  measures  of  certain  double 
stars.  These  irrej^ularities  have  been  .'iscrihed  to  the  presence  of 
a  (hark  body  in  thesysteni,  and  in  sonic  sugf.^cstive  diagrams  Mr. 
IJuniliani  indicates  his  i>pinioiis  on  the  subject.  The  double-star 
orbits  whifli  he  has  tounil,  l)csi(ics  those  lumied,  arc: 

Ditiihlc'Sinr  Orhltf.    S.  11'.  Hiinilmm. 

1  !?><.-  (.-Utr.  and  ,-ls£.-P/n;«..  Miiv,  IS'.U). 
•JO  IVtmI  irf.'.-JK  in  /ls(r.  .iiiil  Aat.-I'bys.,  M:iv  1S93. 
1)  Ar;;ii-.  /J  Utl  "  "  Jiliu-  IS'ja. 

70  U|ihiiu'lii  ■■  ■'  ,\n^;.  1S93. 

(i  i:riil;iiit  "  ■"  *' 

:!7  IV-;isi  "  ■■  Oct.    ISH3. 

'.».">  Ctli  " 

It  mav  here  l>c  noicil  that  Murnh.-nn.  in  his  astronomical  cai 


has  nsed  a  variety  of  telescopes — the  6-inch  his  first,  a  9.4-inch  at 
Dartmouth,  the  IS-ioch  Lick,  the  15Vi-inch  Washbam.  the  18!^- 
inch  Chicago,  the  2G-inch  Washington,  the  36.inch  Lick.  With 
him,  increase  of  apertnrc  available  meant  a  further  refinement  in 
his  rcscarvhca,  and  a  fiirthcr  power  for  interesting  work. 

The  catalogues  of  the  double  stars  and  of  orbits  calctilated  by 
Btimham  arc  a  formidable  work  to  have  been  accomplished  by 
anyone  man;  bnt  when  it  is  remembered  that  this  is  the  more 
serious  phase  of  his  labors,  and  does  not  include  much  of  what 
one  might  almost  characterize  as  a  lighter  characterwhich  lie  has 
contributed  to  astronomy,  it  seems  almost  impossible  tg  realize 
that  it  lay  within  the  capacity  of  any  one  individual.  The  Eng- 
lish Mccbnnh,  the  Afoot hly  Notices  and  Memoirs  of  the  R.  A.  S., 
the  Astronomiscbe  fiachrichten,  the  American  Joanitii  of  Science, 
AsTRONDMv  AJ4D  XsXRO-PuYSics,  KnowIcdgc,  tlic  Sidcrcat  ^[csse^• 
^r.the  OdsirrFafory.and  various  other  papers  have  been  enriched 
by  his  contribntions.  The  line  of  work  that  he  laid  himself  out  to 
accomplish  he  has  successfully  earned  through.  It  is  not  of  that 
showy  or  dramatic  order  which  attracts  universal  attention,  or 
gives  occasion  for  newspaper  paragraphs.  It  is,  however,  as  ar- 
duous as  it  is  unpretending,  and  when  more  than  twcnt}' years 
have  l>een  devoted  to  it.  and  wheu  the  success  which  has  attended 
it  hfis  been  so  remarkable,  it  does  honor  to  the  Societj'  to  recog- 
aize  the  high  estimation  iu  which  it  holds  this  work  by  awarding 
to  its  author  tlie  gi-eatest  distinction  it  can  confer, 

Mr.  Bumhum  is  an  amateur  in  the  true  sense  of  the  ^'ord. 
Boro  about  1H40,  as  far  as  I  can  learn,  he  adopted  the  vocation 
«f  stenographer,  and  it  was  not  till  he  had  chosen  his  profession 
^hat  his  mind  was  fortunately  directed  to  the  study  of  astronomy. 
"What  his  first  toy  telescope  may  have  been  I  know  not;  but  from 
the  time  when  he  secured  his  ti-inch  Clark,  he  made  the  progress 
in  the  direction  which  he  had  determined  to  follow.  By  day  he 
followed  his  regular  calling,  whilst  by  night  he  studied  the 
heavens  rill  <as  an  article  in  The  Century  informs  us)  "daylight 
drove  him  to  bed."  In  1S74-  lie  becatne  a  Fellow  of  this  Society, 
being  nominated  by  his  friend  the  late  Rev.  T.  W.  Webb,  an  as- 
tronomer to  whose  well  known  book,  apparently,  Bnrnham  was 
indebted  for  the  tnm  which  his  astronomical  labors  were  to  take. 
In  lft7fi  Bnrnham  was  appointed  Director  of  the  Chicago  Ob- 
servatory, a  post  which  he  held  for  a  sliort  time,  though  he  sub- 
sequently had  the  nse  of  the  IftH-inch  telescope  at  that  observa- 
tory. In  1879  when  the  trustees  of  Lick  Obser\*alory  had  chosen 
Mt.  Hamilton  as  the  site  on  which  to  build  their  Observatory,  he 
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was  selected  on  the  recommendation  of  Professor  Xewcoinb  to  re- 
port on  the  atniosptieric  and  other  conditions  of  that  h)caltty, 
and  subsequently  observed  the  transit  of  Mercury  from  the  same 
spot  in  conjunction  with  Professor  Holden.  This  connection 
with  Alt.  Hamilton  was  not  destined  to  cease,  for  he  was  ap- 
pointed to  a  post  in  the  Lick  Observatory,  where  be  tumeil  the 
magnificent  telescope  of  that  institution  to  f^ood  account  in  hiif| 
iTsearcbes.  Lately  be  retired  from  the  position  occupied  there 
and  resumed  his  work  at  Chicago,  and  holds  the  position  of  Pro- 
fessor of  Practical  Astronomy  at  that  University.  It  is  to  be 
hoped  tl^t  be  will  be  only  temporarily  absent  from  an  established 
Obsen'atory ;  for,  if  rumor  is  tn  be  believed,  he  is  to  be  Astrono- 
mer to  the  Yerkea  Observatorj-,  where  the  great  40.incb  telescope 
is  to  be  erected.  If  this  be  so,  the  choice  made  by  the  trustees  is 
an  honor  to  him  nnd  to  themselves. 

I  think,  gentlemen,  I  have  said  enough  to  convince  yoii  that 
the  medal  has  been  worthily  bestowed  and  well  earned,  and  in 
banding  it  to  oar  honored  foriegn  secretary,  Dr.  Huggins,  to 
transmit  to  him,  1  would  ask  him  at  the  same  time  to  convey  a, 
message  from  the  Koynl  Astronomical  Society  "in  Annual  Meet- 
ing assembled,"  wishing  Mr.  Bumham  health  and  strength  to 
continue  his  contributions  to  astronomical  science,  and  expres- 
sing their  gratitude  to  him  for  what  he  has  done  for  it  in  the 
paat. — Monthly  Xotices. 


THE  ORBIT  OF  9  ARGUS.* 


9.  W.  DCKKnAU. 


la  the  issue  of  Astronomy  and  Astko-Physics  for  June,  1S93, 1 
give  the  results  of  an  iavestigation  of  the  orbit  of  9  Argus  (tf  101) 
nnd  predicted  that  in  the  two  years  following  the  date  of  my 
last  measures  at  Mt.  Hamilton  (1892.05)  the  angular  motion  of 
the  companion  would  be  about  ISO'^.  and  that  at  the  beginning 
of  the  present  venr  the  position-angle  would  be  a  little  more  than 
270^ 

In  order  to  ascertain  whether  or  not  the  apparent  ellipse 
shown  in  the  paper  referred  to,  which  depended  entirely  on  my 
last  measures  with  the  3ti-inch  refractor,  I  requested  Professor 
Barnard  to  make  n  set  of  measures  with  the  same  instrument. 


*  Conifnunicatrd  by  the  uutbor. 
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and  to  carehilly  note  the  quadrant  of  the  smaller  component.    I 
have  received  from  htm  the  following  observations : 


1893.920 

278.9 

0.52 

.939 

285.8 

0.40 

* 

.961 

2S1.6 

0.40 

1894-.153 

282.6 

0.37 

.189 

280.8 

0.48 

.192 

282.4- 

0.42 

M«an 

1891.06 

282.0 

0.43 

The  smaller  star  was  noted  as  being  certainly  on  the  preceding 
side.  It  will  be  seen  that  this  position  conforms  ver^  closely 
to  the  ellipse  I  have  given.  The  angular  motion  is  a  little  greater 
than  that  predicted,  and  consequently  the  distance  is  a  trifle 
larger,but  the  difference  is  only  0".07,  and  the  agreement  on  the 
whole  is  entirely  satisfactory. 

In  the  paper  referred  to,  I  found  a  period  of  23.3  years.  The 
later  measures  appear  to  indicate  that  this  time  may  be  still  fur- 
ther reduced,  but  as  the  observations  of  next  year  will  give  more 
accurate  data  for  whatever  correction  may  be  necessary,  it  does 
not  seem  worth  while  at  this  time  to  obtain  another  provisional 
orbit. 


THE  SATELLITE  OF  NEPTUNE.' 
F.  TISSERAND-t 


Less  than  a  month  after  Galle  had  discoved  Neptunet  in  the 
place  assigned  to  it  by  the  calculations  of  Le  Verrier,  the  English 
astronomer  Lassell  suspected  the  existence  of  a  small  satellite, 
and  verified  it  with  certainty  in  1847.  This  body  gives  little 
light,  for  it  is  only  of  the  fourteenth  magnitude,  and  it  requires  a 
very  powerful  telescope  to  render  it  visible.  According  to  the 
photometric  determinations  of  Pickering  it  would  be,  however,  as 
large  as  our  moon ;  but  it  is  about  12,000  times  more  distant 
from  us,  so  we  understand  why  it  is  so  faint. 

When  its  orbit  was  calculated  it  was  found  that  the  satellite 
had  a  retrograde  movement  around  the  planet ;  this  is  more 
marked  than  that  already  known  concerning  the  satellites  of 
Uranus;  from  this  point  of  view  the  two  planets,  the  most  dis- 
tant of  our  system,  present  a  striking  contrast  to  the  others. 

'  Translated  from  L'Astronomic,  March,  1894. 
t  Director  of  the  Observatory  of  Paris. 

i  Neptune  was  searched  for  and  found  by  Galle  from  the  calculations  of  Le 
Verrier,  Sept.  27il846 ;  the  satellite  was  discovered  by  Lassell  Oct.  10,  following. 


Wc  know  to-dflv  that  Mars  has  two  sntellitca,  Jupiter  four, 
Saturn  eight  and  Uranus  fonr.  Unr  niij^Iit  suppose  that  Neptune 
would  have  more  than  one.  Several  times  searchea  bnn'e  been 
made  witli  powerfitl  telescopes,  notably  with  that  at  Washing- 
ton ;  but  no  new  satellite  has  been  founil. 

LaBseH'a  aatr^litc  appears  to  be  an  unique  body  in  the  solar  sys- 
tem, in  this  n-spect,  that  its  very  grcnt  ilistnncc  from  the  Son 
masr  protect  it  from  perturbations  having  their  origin  on  this 
side.  On  the  other  hand  it  is  not  troubled  by  neighboring  satel- 
lites; it  seems  that  it  should  present  a  movement  of  the  grcnlest 
simplicity,  realizing  rigorously  the  geonietrie  motion  of  Kcjiler. 
So  some  astronomers  have  proposed  to  make  it  a  sort  of  touch- 

ine  to  verify  the  uniformitvof  certain  movements  in  the  plnnct- 

y  system;  it  wotild  constitute  a  tirae-kecpcr  of  great  precision,, 
to  which  no  cause  of  derangement  could  be  foreseen. 

The  accnronlated  observations,  however,  have  shown  that  this' 
is  not  true. 

Mr.  Marth.  the  English  astronomer  who  occupies  himself  with 
the  ephemerides  of  satellites,  called  attciitinn  some  five  or  six 
years  ago,  to  a  singular  fact;  the  obscrvotions  from  1852  to 
1883  show  that  the  plane  of  the  orbit  of  the  satellite  of  Neptune 
is  slowly  shifting,  in  the  same  direction  and  by  an  apprrdahlc 
amount,  for,  during  these  31  years  its  inclination  to  the  plane  of 
Neptune's  orbit  has  increased  ubont  5°,  aud  this  difference  is  too 
great  to  be  accounted  for  by  errors  of  observation.  On  the  other 
hand  the  observations  made  by  Mr.  H.  Struve,  with  the  great  rc- 
irftctor  at  Pulkova.  during  the  lost  ten  years,  confirms  the  direc- 
tion and  the  aniouut  of  displacement  of  the  orbit.  What  can  be 
the  cause  of  this  trouble? 

Wc  have  not  hesitated  to  attribute  it  to  the  flattening  of  the 
planet.  This  flattening  has  et(ea|)ed,up  to  the  present  time,  dirocjj 
measures,  and  it  willesca|Jc  without  doubt  for  along  time  yd 
The  reason  is  that  the  disc  of  Neptune  subtends  to  us  only  a 
small  angle  of  ubout  two  seconds,  and  if  the  flattening  is  ^niall, 
tid  for  example,  the  cUipticity  of  the  disc  will  be  imperceptible. 

Gut,  in  order  to  account  for  the  derangement  established  by  the 
observations,  another  tiling  is  necessary.  If,  indeed,  the  plane  of 
the  orbit  of  the  s^itclHLe  coincided  with  theei|UJitor  of  the  planet, 
there  would  be  no  reason  for  this  coincidence  not  maiutaining  it- 

:lf  intlefinitety.  It  is  neces»i<'iry.  then,  that  the  twtj  plane*  mal 
> considerable  angle  witli  each  ncbcr  and  it  is  demonstrated  thi 
in  this  case  the  first  of  the  two  planes  is  displaced  with  refcrvtice 
the  second  in  such  a  mnnner,  that  the  angle,  which  it  makes, 
l1\vjiv«  rrliiiii"'  llii"**:mif  v.-ilne. 
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If  we  imRgine  on  the  celestial  sphere  the  poles  of  these  two 
pUncs.  the  first  describes,  with  uniform  motion,  a  smnll  circle 
around  the  second,  so  that,  when  we  shall  have  the  observarions 
of  two  or  three  centuries,  we  will  be  able  to  trace  this  circle  quite 
exactly,  and  obtaining  Its  pole  will  find  the  north  pole  of  the 
planet,  which  direct  observation  has  been  incapable  of  doing. 
The  data  which  are  at  our  disposal  to-dar  are  insufficieat ;  how- 
ever, it  sccins  to  us  probable  that  the  anj^lc  of  which  we  have 
spoken  should  be  from  20  to  25  degrees,  and  llie  flattening  less 
than  ri«.  Mr.  Newcomb,  without  making  detailed  calculations, 
has  aissiKTicd  the  same  cause  to  the  phenomenon. 

The  fifth  satellite  of  Jupiter,  discovered  so  unexpectedly  by  Bar- 
nard in  1893.  should  show  a  displacement  produced  by  the  same 
cause.  It  docs  not  appear  that  the  four  large  satellites  of  Galileo 
are  ap])redably  disturbed  in  this  way  ;  here  again  it  is  necessary 
to  have  in  mind  the  flattening  of  the  planet,  which  is  consider- 
able in  the  case  of  Jupiter.    Hut  this  flattening  produces  another 

feet;  it  cannot  raodiJy  the  position  of  the  plane  of  the  satellite's 
orbit,  since  this  small  body  moves  in  the  plane  of  the  equator; 
but  it  can  make  this  orbit  turn  iu  its  plane,  nud  the  calculation 
shows  that  it  should  make  a  complete  revolution  of  the  orbit  in 
about  6vc  months.  If,  then,  the  orbit  is  not  rigorously  circular, 
but  is  mnch  or  little  excctitric,  it  must  happen  that  tit  a  certain 
lime  the  satellite  will  recede  farther  from  the  planet  on  Ihc  west 
side  than  on  the  cast.  This  is  what  Barnard  has  already  estab- 
lished. Bui  We  can  say  that  75  days  later  the  inverse  will  occur; 
it  will  be  nearest  on  the  west  side.  1  hofK'  that  the  observations 
will  confirm  this  prediction  if  the  orbit  is  at  all  elliptic. 

The  effect  of  which  wc  have  spoken  shoidd  also  Ik-  produced  for 
the  satellite  orNL*]>tnne,but  it  is  a  great  deal  less  pronounced  than 
the  change  of  the  plane  of  the  orbit ;  nevertheless,  it  will  not  he 
long  nntil  it  is  established. 


8UNSPOT  OBSBRVATIONS  AT  OOODSBLL  OBSERVATORY.* 


H.  C.  WTL40N. 


Ttsiutl  obserTatioas  of  the  Sun  were  begun  at  Goodsell  Obscr- 
ratory  in  May.  1889.  and  were  continued  with  few  interruptions, 
save  from  cloudy  weather,  until  August2U,  1892,  when  theS-incli 
equatorial  which  was  employed  for  this  work  was  dismounted 

*  Ah5trArt  of  intiYMluction  to  Pablication  No,  3  of  Goodsell  Obccrvatory  of 
Carlctoa  College,  Northfidd,  Minn. 


for  repairs  aud  important  jnodiGcations.  When  the  remodeled  in- 
stniinent.  was  niotittted.in  May,  1893.  tlie  photographs  obtained 
with  it  were  so  excellent,  tUut  it  seeined  titleless  to  continue  the 
visual  observalioas,  since  the  same  results  eould  be  more  eastljr 
obtained  from  the  photographs.  It  has  been  thought  best  there- 
fore to  pnhlish  this  series  of  observations  separately,  in  the  hope 
that  it  may  be  of  use  to  investigators  in  Solar  Physics,  cxtendtn^r 
as  it  does  from  abottt  a  miiiimvm  well  oa  toward  a  raaximuro  of 
the  Siin-si>ot  jKrriod. 

The  observations  consisted  iu  coiintiug  once  each  day,  prefer- 
ably near  noon,  the  nunil>cr  of  groups  of  spots,  the  rmmber  of 
spots  in  all  the  groups  and  the  number  of  facula:  or  grouijs  of  fn- 
culzc  visible  on  the  solar  disc.  The  state  of  the  seeing  was  indic- 
ated by  noting  whether  or  not  the  granulation  of  the  solar  sur- 
face was  visible. 

The  instrument  employed  was  usually  the  8-inch  equatorial  by 
Alvun  Clark  &  Sons.  In  the  first  part  of  the  series  a  diagonal 
eyepiece  with  a  neutral  tint  shade  was  use<I.  Later,  when  photo- 
graphs were  being  taken  regularly,  in  order  to  avoid  changing 
the  adjustments,  the  image  of  the  Sun  was  projected  through 
the  photographic  combination  of  lenses,  objective  and  enlarging, 
on  a  screen  of  white  paper.  This  projected  image  was  about  6 
inches  in  diameter  and  the  spots  were  easily  seen  and  counted, 
but  the  faculie  were  not  quite  so  well  seen  as  by  the  direct  method. 

PtlDTOOHAPna  OF  THE  8UN. 

The  8-inch  equatorial  was  pro^ndcd  with  a  third  objective  leoa, 
correcting  it  foc  the  photographic  rays  of  light,  in  1887,  but  it 
had  no  enlarging  apparatus  and  do  means  of  making  the  ex- 
tremely short  exposures  necessary  for  a  successful  photograph  of 
the  Sun.  In  1889  an  enlarging  apparatus  was  impro\-ised  out  af 
an  ordinary  wide  field  negative  eyepiece  and  the  adapter  provided 
for  use  in  stellar  photography.  A  very  convenient  and  ra^tidl 
little  shutter  was  made  by  a  local  amateur  photographer,  Dr.  H. 
L.  Cruttcnden.  This  was  attached  to  the  eyepiece  where  the 
emerging  pencil  of  rays  was  about  one-fourth  of  an  inch  in 
diameter.  The  slide  of  the  shutter  was  made  from  a  light  piece 
of  zinc,  two  inches  long  and  three-fourths  of  an  inch  wide  and 
had  a  run  of  one  inch.  A  slit  one-half  an  inch  long  and  a  fiftieth 
of  an  inch  in  width  was  cut  across  the  center  of  tlie  shde.  Later 
the  slit  was  formed  by  two  pieces  of  black  pajier  pasted  m>on  the 
zinc.  These  were  cut  from  the  same  piece  and  laid  with  the  cor- 
responding edges  in  juxtaposition,  so  that  irregularities  in  one 


edge  were  matched  by  opposite  ones  in  the  other,  and  the  slit 
t  vwhn"c  of  the  same  width,  alth<ju>;h  the  edgca  were  not 
11  i  ilv   scrnight.    The  width  of  the  slit,  tiftcr  many  cxpcri- 

'incnts,  WAS  put  at  one  one-handredth  of  an  inch.  tfreuLcr  width 
^ving  over-cxposnrc.  The  slide  was  proiiclled  by  rubljcr  builds 
cn|mbte  uf^pving'  it  the  run  uf  an  inch  in  Ies»  thuu  a  tenth  of 
a  second,  so  that  the  exposure  for  each  ray  in  the  ])encil  of  light 
wii.i  less  than  one  thouwandtU  part  of  a  second.  The  Hlidc  was 
touehcd  oft" by  mfans  vi' u  rubber  air  bulb  and  piston.  The  whole 
apparatus  was  so  light  that  no  perceptible  vibration  was  pro- 
duced and  it  was  in  every  way  Bnttsfactory  except  that  the  en- 
larged image  was  nut  in  u  plane  and  therefore  coidd  nut  all  be 
brought  into  foens  on  the  photographic  ptate.  The  aTcrnge  di- 
ameter of  the  solar  Image  upon  the  plate  was  three  and  diie-half 
inches, and  of  this  the  central  threeinclies  was  in  fairlygood  foctis. 
while  the  edge  was  poorly  de5ned. 

With  this  apparatus  photographs  of  the  Sun  \vere  taken  dur- 
ing ISSI)  and  IwytJ  whenever  spots  of  any  considerable  size  were 
^•isible.  After  July,  lfi91,  they  were  taken  daily  when  possible. 
The  time  of  each  pliolograph  was  noted  to  the  nearest  mitmle. 

Tlw  sensitive  places  used  at  first  were  Seed  Xo.  20.  Later  these 
could  not  be  obtained  and  we  used  Seed  Xu,  22,  These  also 
went  out  of  market  and  towani  the  last  Seed  No.  23  were  used. 
Recently  we  have  been  using  Carbutt's  Keystone  A  plates,  eeu- 
sitometcr  No.  10,  with  much  more  satisfactory'  results. 

A  line  parallel  to  the  equator  was  photographed  upon  each 
plnte,  by  means  of  a  thread  stretched  across  the  tube  just  in 
front  of  the  plate.  This  thread  was  adjusted  parallel  to  the 
ciiuator  and  tested  by  allowing  a  snnspot  to  drift  along  it  when 
near  the  meridian.  This  adjustment  once  made  was  changed 
only  when  necessan'  because  the  photographic  attocbmenta  had 
tieen  taken  off  in  order  to  use  the  telescope  for  other  purposes. 

In  l'ry'J'2  we  were  ablr  to  purchase  new  enlarging  lenses,  made 
especially  for  the  purpose  by  \Iessrs.  Hastings  and  Brashenr.    In 
>rder  to  use  these  it  was  necessary  to  remodel  the  mounting  of 
he  telescope  and  therefore  discuutinue  the  photogra)>hs  for  sev- 
eral months. 

The  new  app^iratus  gives  iniiigcs  of  the  Sun  cither  three  and 
one.fourth  or  seven  and  one-half  inches  in  diameter.  The  smaller 
sized  image  is  very  sharp  in  all  parts  and  capable  of  very  accur- 
ate measurement.  The  larger  image  is  not  ijnitc  plane  but  is  only 
slightly  out  of  focus  toward  the  etiges.  I'hotogruphs  of  the 
smaller  size  are  now  being  taken  daily  and  we  hope  soon  to  have 
ipparatus  for  measuriug  them  accurately. 


Mra!^urks  of  thb  Photographs. 

The  measures,  the  results  of  which  arc  contained  in  thia  volume, 
were  made  with  the  aid  of  a  mica  scale  made  by  the  writer.  On 
a  sheet  of  clear  mtca,  5X6  inches,  a  series  of  concentric  circles 
wei-c  ruled  with  n  pair  of  fine  pointed  steel  compasses,  the  rnd- 
ial  mcasureniencs  being  taken  from  a  chrojiopraph  scale  which 
WQH  accnrately  ruled  for  ns  by  Mr.  G.  X.  Saeginuller.  Radial  lines 
were  drawn  at  every  tenth  degree  of  the  circumference.  The  rad- 
ial scale  was  approximately  1  division  =  1.5  mm.  On  the  aver- 
age 54  of  these  divisions  covered  the  diameter  of  the  solar 
image. 

The  nie<asurcs  were  made  by  laying  this  scale,  ruled  side  dowa, 
upon  the  film  side  of  the  negative,  making  the  90"  —  270°  dia- 
meter parallel  to  the  efiuntorinl  line,  centering  the  solar  image 
within  the  circle  nearest  to  its  circumference,  and  reading  from 
the  scale  the  position  angle  and  distance  of  each  spot  from  the 
center.  The  scale  reading  for  the  edge  of  the  solar  disc  was  read 
at  the  same  time,  thia  being  necessarily  the  same  for  all  points  of 
the  limb  except  where  distortion  resulted  from  refraction.  In  oU 
cases  it  wjis  easy  to  get  the  average  radius. 

For  the  measures  the  negative  was  placed  in  a  wooden  frame,  n 
little  larger  than  the  raica  scale,  so  that  the  latter  could  be  easily 
adjiiBted  and  held  to  it.  This  frame  was  then  held  toward  a 
strong  light  and  one  person  read  off  the  positions  and  diameters 
of  the  8]>ots,  while  another  recorded  the  readings.  This  process 
is  extremely  rapid  and  surjjrisingly  accurate  for  such  a  simple  a|>- 
paratiis.  The  ])ositions  and  dimensions  of  all  the  spots  at  all 
prominent  on  the  most  spotted  plate  can  be  read  off  in  from  five 
to  ten  tniiiutcs.  The  maximum  error  of  the  scale  is  one-tenth  of 
a  division  or  about  0".2  of  arc  on  the  solar  surface,  at  the  center 
of  the  disc.  The  maximum  error  of  reading  the  scale  is  about  the 
same,  so  that  the  combined  error  of  scale  and  reading  may  be  as 
large  as  perhaps  O'^.o  of  longitude  at  the  center  of  the  disc.  This 
error  becomes  l^.O  at  65°  distance  from  the  center  and  at  the 
edge  of  the  disk  might  amount  to  as  much  as  5°.0  of  longitude. 
The  position  angles  were  read  to  the  nearest  half  degree  so  that 
the  maximum  error  in  these  and  the  resulting  latitudes  at  the 
edge  of  the  disk  is  af>out  C.S. 

These  limits  of  accuracy  are  am])ly  sufficient  for  the  study  of 
the  distribution  of  sunspots  and  for  the  study  of  their  lar^^ 
movements.  For  the  great  majority  of  spots,  too,  the  changes 
in  form  from  day  to  day  are  such  that  it  is  impossible  to  identiiy 
the  same  portions  of  them  within  the  above  limits. 


For  the  areas  of  tbe  spots  the  average  diameters  of  the  pcnwm- 
brte  were  estimated.  Allovvauce  for  fu rcshorteniug  of  spots  uear 
tJie  Mmb  was  partly  made  by  taking  the  diameter  parallel  to  the 
limb. 

Reductiok  of  the  Measvkbs. 

The  method  of  reduction  was  made  an  nearly  as  possible  con- 
sistent with  the  accuracy  of  the  measures.  The  corrections  for 
parallax  and  refraction  were  wholly  neglected,  the  former  being 
wholly  iusigntticant,  the  latter  amounting  to  0''.!  only  when  the 
Sun  was  within  15°  and  to  0'^.2  within  8°  of  the  horizon,  below 
which  altitudes  no  photographs  were  taken.  Auxiliary  tables 
were  prepared  which  rendered  the  reductions  very  easy  and 
rapid,  those  for  a  single  spot  occupying  a  skilled  computer  from 
ODC  to  two  minutes  of  time.     These  tables  were  prepared  in  the 

following  manner. 
■Jw     I  In  Fig.  1  let  A  be  the 

position  of  a  spot  upon 
the  solar  disc,  and  C  the 
center  of  the  disc ;  N,  E,  S, 
\V  rci)rc5ent  the  north. 
east,  sonth  and  west 
points  of  tlie  solar  image 
as  seen  upon  the  tilm  side 
of  the  plate.  Let  the 
scale  reading  for  the  dia- 
tancx'  CA  be  r  and  that 
for  the  radius  of  the  im- 
age CE,  C.V.  CS  or  CW 
he  R.  Represent  the  arc 
on  the  solar  surface  cor- 
responding to  AC  by  3 
and  the  angle  at  the 
Earth  subtended  by  the 
same  line  bv  s',  then 


one 


AC  =~  =  sin  is -\-s') 


5  :=  8in  -Fi—S 


R 


(1) 


The  maximum  value  of  s'  will  be  the  apparent  solar  radius  which 
artrages  16'  or  0°.3,  and 


s':16'::  r:ffors'  = 


r0.°3 


R 


(2) 


A  table  was  prepared  from  formulic  (1)  and  (2)  giving  s  for 
erery  unit  of  r  and  for  every  tenth  of  unit  of  R  between  the  ex- 
treme scale  readings  on  the  edge  of  the  disc.  For  tho^e  values  of 
r  which  fell  between  R  and  R  —  1.0  the  tabic  was  extended 
lo  tenths  of  units  of  r. 

Again  in  Fig.  1  let  P  be  the  position  of  the  north  pole  of  rota- 
tion, PO  the  assumed  zero  meridtan  for  the  reckoning  of  longi> 
tudcs,  and  DBO  the  solar  equator.  Represent  the  position-angles 
of  the  spot  and  the  north  pole  of  rotation  from  the  north  point 
of  the  disc  by  p  and  P,  the  heliographic  longitude  and  latitude  of 
the  spot  by  /and  c/,and  those  of  the  center  of  the  disc  by  L  and  D; 
then 

p=NCA     . 

P=JVCP 

L  =  OPC 

V  =  arc  CD 

I  =OPA 

d  =  Ave  AB 

The  quantities  P,  D  and  h  were  taken  from  the  tables  publishec 
annually  in  "  The  Companion  to  the  Obser\'atury  "  a  publication 
edited  by  the  astronomers  at  the  Royal  Observatory,  Greenwich, 
from  which  we  lake  also  t!ie  following  statement : 

"In  computing  D  the  inclination  of  the  Sun's  axis  to  the  ecliptic 
has  been  assumed  to  be  82°  45',  and  the  longitude  of  the  ascend- 
ing node  to  be  74^  20',  In  computing  L  the  Sun's  jjcriod  of  rota- 
tion has  been  assumed  to  be  25.38  days,  and  the  meridian  which 
passed  through  the  ascending  node  at  the  epoch  1854r.O  has  been 
taken  as  the  zero  meridian." 

These  tables  were  interpolated  to  noon  of  each  day  at  this 
Observatory  and  were  thus  very  convenient  in  use. 

In  order  to  6nd  /and  d  it  is  necessary  to  solve  the  spherical  tri- 
angle ACP  for  each  spot.  We  have  the  following  general  etjua- 
ttons : 

COB  PA  =  cos  PC  cos  CA  -\~  sin  PC  sin  CA  cos  PCA 
Bin  PA  cos  APC  =  sin  PC  cos  CA  —cos  PC  sin  CA  cos  PCA 
sin  PA  sin  APC  =  sin  CA  sin  PCA 

By  the  proper  substitutions  these  become 

sin  d  =  shi  D  cos  s  +  cos  D  sin  s  cos  (p  —  P) 
cos  {L  —  /)  cos  d  =  cos  D  cos  s  —  sin  D  sin  s  cos  (p  —  P)    (3) 
Bin  (I*  —  /)  cos  d  =  sin  s  sin  (p  —  P) 
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To  Adapt  these  to  li^aritbmic  compntation  let 

i:  sin  y»  =  sin  s  cos  (p  —  P) 
k  cos  y>  =  cos  5  (4) 

then 

sin  d  =  A  sin  (Z>  +  ip) 
cos  (1,  —  /)  cos  rf  =  A  cos  (D  +  f)  (5) 

sin  {L  —  I)  cos  d  ==  sin  s  sin  (p  —  P) 

The  formnls  to  be  nsed  in  making  an  accurate  reduction  are 
(1),  (2),  (4)  and  (5),  and  in  many  cases  vre  have  used  them  in 
order  to  verify  the  tables.  Ordinarily  we  have  used  tables  pre- 
pared from  formulse  (3)  in  the  following  manner. 

As  />  is  always  a  small  angle,  or  arc,  its  maximum  ralue  being 
only  a  little  over  7°,  it  may  be  treated  as  a  differential  quantity, 
and  its  effect  upon  the  quantities  d  and  7  may  be  obtained  by  dif- 
ferentiating equations  (3).    This  process  gives 

cos  d  ^d  ^  ^  cos  D  cos  s  —  sin  D  sin  s  cos  (p  —  P)  \^D 
sin  (Z,  —  i)  cos  d  ^I—  cos  {L  —  1)  sin  d  Jrf 

=  —  ^  sin  Z)  cos  s  —  cos  D  sin  s  cos  (p  —  P)  }^D     (6) 
cos  (L  —  /)  cos  d  A1+  sin  (i  —  /)  sin  d  Jd  —  0 

If  now  in  equations  (3)  we  put  Z)  =  0°  they  become 

sin  d^  =  sin  s  cos  (p  —  P) 
cos  {L  —  /o)  cos  d^  =  cos  s  (7) 

sin  {L  —  IJ  cos  dg  =  sin  s  sin  (p  —  P) 

This  is  equivalent  to  placing  the  north  pole  of  the  Sun  at  P' 
instead  of  P. 
Putting  D  =  0°  in  (6)  we  have 

cos  (/„  ^d  =  cos  s  AD 
«in  <Zf  —  /„)  cos  dt,  Ai  —  cos  {L  —  Q  sin  d^  Ad 

=  — sin  s  cos  (p  —  P)  ^Z)    (8) 
cos  {L  —  4)  cos  dg  J/  +  sin  (L  —  /,)  sin  d^  Ad  =  0 

Substituting  from  (7)  the  values  of  the  right  hand  members  of 
(8)  and  solving  for  Jtf  and  Al  we  obtain 

Ad—      cos(L  —  l,)  JD 

J/  =  —  sin  <i,  ^  I)  tan  d,  AD  (9) 

71^^  Uff  tt07  variation  of  D  from  0°  we  will  have 

AD-D  —  0°-D 

d  ~d,-\-Ad 

1    ~L-{L-Q-^A1  (10) 


The  B«a3  of  8P° 

2*    ^   ,  '     M  P  fro"*  P'  PI  taUe  (I*      '■' 

^aJdtrcmT«W'2)Hron.I- 

.  co^^^-  ""^'^^        .  .  spectroscopic  and  P^"  °, 

following  ta^rt*^''  ^« 
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nedace  our  measures  to  those  made  at  Greenwich.  In  several 
es  the  spots  were  very  irregular  and  it  is  evident  that  in  meas- 
ig-the  photographs  the  observers  did  not  take  the  samepor- 
is  of  the  spots.  The  average  difference  taken  regardless  of 
IS,  is  0°.91  f«r  1  and  0°.53  for  d.  This  is  larger  than  the  aver- 
diDerences  between  our  own  measures  of  the  same  spots  on 
;rent  days  and  shows,  probably,  that  the  errors  due  to  per- 
ality  in  locating  the  point  for  measurement  in  the  spot  are 
ater  than  those  due  to  the  method  of  measurement  and  reduc- 
1. 


Date.     _      Group.       L  —  I 


M 


^d 


I90     Sept. 

9 

iS 

^ 

- 13-0 

264.6 

4-  22.0 

-  1-3 

--0.7 

23 

19 

- 

-44.0 

48.2 

+  21.8 

-0.5 

+  0.5 

27 

- 

-  I.I 

39-3 

-{-21.5 

-t-0.2 

0.0 

.. 

- 

-    4-1 

363 

+  20.3 

-  -0.1 

--0.3 

.. 

- 

-    6.3 

34- > 

+  21.5 

-0.8 

--  i.» 

Oct. 

20 

20 

- 

h62.8 

3S-4 

—  22.2  \ 

-  1.3 

-0.6 

—  0.1 

-0.9 

21 

" 

_ 

-67.8 
^48.6 

30.0 
3S-a 

-  23.1/ 

-  21.3 

.. 

- 

hSD-9 

32.9 

-  19.1 

-0.9 

-  1-7 

.. 

- 

-56-4 

27.4 

-23.1 

+  1.2 

-0.5 

22 

•■ 

- 

-33-8 
h37-i 

3S-4 
32.1 

—  20.0 

-  18.8 

+  '■3 

—  0.2 

,. 

- 

-  42.0 

27.2 

—  22-7 

+  '.3 

+  0.5 

23 

.. 

- 

-21.6 

35-9 

-  21.4 

-0.9 

-0.9 

.. 

- 

-24.6 

329 

—  19.6 

—  I.I 

-0.8 

.. 

- 

[-30.2 

27-3 

-23.8 

0.0 

-0.7 

■ 

22 

- 

-  30.0 

27.5 

-      4.9 

-  '-7 

-0-5 

Nov. 

26 

23 

- 

-    7-S 

320.6 

+   18.8 

-0.9 

+  0.1 

- 

hi4-8 

3>3-6 

+  17-9 

-  0.6 

4-  0.2 

.. 

- 

-15.2 

2^i-^ 

+  20.8 

—  2.1 

0.0 

.. 

J 

h  23'2 

305-2 

+  22.4 

-0.5 

+  0.2 

f 


Summary  of  the  Observations. 


n  the  following  tables  the  columns  are  self  explanatory,  with 
exception  of  the  last.  This  column  gives  the  average  area  per 
r  of  all  the  spots,  on  the  days  when  photographs  were  taken, 
1  on  the  days  when  photographs  were  not  taken  because  no 
its  were  visible.  The  areas  are  expressed  in  millionths  of  the 
a  of  the  visible  hemisphere  of  the  Sun, 

*he  progress  of  the  average  dailj'  numbers  and  areas  of  spots 
jhown  graphically  in  Fig,  2,  the  dotted  line  representing  the 
,ly  number  of  spots,  and  the  smooth  line  the  areas.  In  order 
plot  them  to  the  same  scale  the  daily  numbers  were  multiplied 
3  and  the  areas  divided  by  10.  Although  the  fluctuations  are 
ite  marked,  especially  in  July,  1891,  and  February  and  June, 
92,  there  is  a  pretty  steady  increase  in  both  the  number  and 
;a,  during  the  period  of  two  and  a  half  years,  which  might  be 
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Distribution  in  Latitude  of  Sunspots. 


Number  of  Oronpi. 

Area  of  all  Oroapi. 

Utitvde. 

1889 

ISSO 
o 

1891 

1882 

Total 

1880 
0 

1890 

1891 

1892 

Total 

+  35 

o 

o 

O 

0 

0 

0 

0 

0 

3" 

0 

-   I 

5 

I 

7 

0 

241 

1149 

331 

1721 

IS 

o 

I 

>3 

12 

2b 

0 

2 

2234 

I77S 

401 1 

20 

o 

4 

3° 

IS 

49 

0 

2077 

7055 

1565 

10697 

IS 

o 

I 

17 

IS 

3.1 

0 

204 

4169 

2570 

6943 

10 

0 

0 

3 

iS 

21 

0 

0 

181 

5408 

5589 

+  s 

o 

I 

o 

2 

3 

0 

2 

0 

6 

8 

o 

0 

o 

0 

o 

0 

0 

0 

0 

0 

0 

-  S 

I 

I 

0 

2 

4 

542 

7 

0 

43 

592 

10 

3 

0 

2 

7 

12 

826 

0 

327 

799 

1952 

>S 

o 

o 

3 

IS 

17 

0 

0 

1192 

2073 

3265 

20 

2 

3 

11 

23 

39 

9'S 

637 

4090 

3493 

9135 

3S 

2 

I 

2 

16 

21 

357 

2 

1051 

2158 

3568 

30 

O 

o 

I 

8 

9 
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0 

16 

3854 

3870 

-35 

0 

o 
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0 

0 

0 

0 

a 

In  this  table  the  latitudes  include  2°. 5  on  each  side  of  the  iium- 
I)er  given.    The  area  of  each  group  was  taken  on  the  day  when 
it  was  nearest  the  center  of  the  disc  except  in  a  few  cases  when 
"there  was  so  great  change  that  some  other  date  would  give  more 
■nearly  its  maximum  area.    The  totals  for  the  four  years  clearly 
-indicate  the  maximum  number  and  area  of  spots  at  about  lati- 
tude 20°  north  and  south.    The  secondary  maximum  at  —  30°  in 
1892  was  produced  by  the  extraordinary  group  of  February.    In 
the  same  year  a  remarkably  large  number  of  groups  occurred  in 
latitude  +  10°,  producing  maxima  for  the  year  in  that  latitude 
in  both  the  number  and  total  area  of  groups.  The  preponderance 
of  the  number  of  groups  in  the  southern  hemisphere  over  that  in 
the  northern  hemisphere  of  the  Sun  in  1889  has  been  remarked  by 
Other  observers.    The  results  here  given  for  that  year  are  loo 
meager  to  be  of  much  weight.    Summing  the  results  in  north 
£».iid  south  latitudes  we  see  that  in  1890  the  greater  number  and 
^yreater  area  of  spots  were  on   the    northern  hemisphere.    The 
^  ame  was  true  in  1891  but  in  1892  the  spottedness  of  both  hem- 
i  spheres  was  about  the  same. 
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DisTRioi'TioN  IX  Longitude  of  Si'nspots. 

A  similar  study  of  the  distribution  of  suD-spots  in  lonj^tade' 
revealed  no  tendency  toward  the  continued  recurrence  of  groups 
in  the  sunic  longitud^-s  for  i>eriuds  of  more  than  a  few  monttm, 
the  maxima  for  one  year  ufien  coinciding  in  longitude  with  the 
minima  for  the  next.  In  this  investigaiion  the  spots  in  north 
and  :>oulh  latitudes  were  considered  separately  and  together. 
The  great  solar  disturlmnces  during  the  period  188^1K92  oc- 
curred in  longitudes  30^  —  40".  80"  —  90%  150^  —  160^%  180«, 
100^  and  220  —  230"  in  the  northern  hemisphere,  and  30"— 4«^^ 
»*>.  160*^,  250"  —  270°,  and  280''  in  the  southern  hemisphere. 

Tub  Great  Group  of  FEBRi'Aity,  1892. 

We  have  not  attempted  to  study  the  movements  of  the  spotii, 
except  in  the  case  of  the  great  group,  No.  136,  of  February,  1892. 
Tliis  group  was  remarkable  for  the  great  extent  of  the  disturbed 
area,  it  being  tlie  largest  that  has  occurred  for  many  years.  Us 
passage  across  the  central  meridian  of  the  Sun  was  accompanied 
on  the  Earth  by  a  violent  magnetic  stf>rm  and  a  brilliant  display 
of  the  aurora  boreatis.  Measures  of  the  photograph  of  l-eb;  II 
when  the  group  was  near  the  center  of  the  Sun's  disc  give  for  the 
dimensions  of  the  single  large  penumbra  72.000  by  33.000  miles. 
while  the  total  disturbed  area  was  135,000  miles  long  by  Nit,(in() 
miles  .wide. 

The  changes  in  the  details  of  the  group  were  so  ritpid  tliat  it  is 
difficult  to  identify  the  same  spots  from  clay  to  day.  There  were 
two  large  and  very  black  umbra?,  A  and  B,  surr()undcil  by  a  large 
penumbra,  which  marked  two  notnble  centers  of  disturbance. 
Their  apparent  motions  were  ((iiite  drtferent,  as  will  apjwar  (mm 
Fig.  3,  in  which  the  longittides  ami  latitudes  on  the  difTerent 
dates  nre  plotted.  The  spot  A  moved  due  east,  decreasing  abntu 
10*^  in  longitude  during  the  interval  Feb.  5  to  16.  The  s[>ot  fS  in 
the  same  lime  describe*!  a  looped  curve,  changing  from  a  position 
due  north  of  A  to  one  almost  due  west  of  the  latter.  The  great 
penumbrn  surrounding  these  two  centers  shared  the  rotary  mo- 
tion thus  indicated.  The  spots  C  and  D  were  separate  from  the 
great  pemimbra  and  did  not  share  in  its  motion.  Each  divided 
into  two  parts  between  Feb.  it  and  11,  or  a  new  spotdevelopetl  in 
the  rear  of  each. 

The  cyclonic  movement  of  the  spot  B  is  more  clearly  shown  if 
we  reduce  the  longitudes  to  a  given  date,  applying  corrections 
for  the  variation  of  the  period  of  rotation  with  the  latitude. 


H.  C.  Wilson. 
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The  longitudes  were  determined  with  Carrington's  rotation 
period  25.38  days.  Carrington,  however,  found  that  the  period 
varied  for  spots  in  different  latitudes,  the  apparent  daily  motions 
being  represented  approximately  by  the  formula 

J/  =  865'  ~  165'  sin^d 

io  which  (/represents  the  latitude  and  J/ the  daily  motion  in  lon- 
gitnde  from  the  center  of  the  Sun's  disc.  Faye  found  from  the 
same  observations 

J/=  862'  — 186'  sin^d. 
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Fig.    3. — Appare.nt    Movkmhnts   of   the   Pkincii'al  Umdr-k  of   the   Great 
SiN-si'OT  GRori"  OF  Februarv  1892, 

The  period  25.38  days  corresponds  to  a  dail^-  motion  of  851'. 
The  daily  correction,  therefore,  required  to  reduce  the  longitude 
of  a  spot  to  the  period  corresponding  to  its  own  latitude  is,  ac- 
cording to  Fave, 

^,/=ll'— 186'sin»t/. 

Reducing  the  longitudes  of  the  four  spots  A,  B,  C  and  D,  to  the 
date  Feb.  11  by  this  formula,  we  have  the  following  results,  in 
which  d  is  the  latitude,  /  the  longitude  by  the  25.38  day  period 
and  h  the  longitude  reduced  to  Feb.  11. 
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At  its  reappearance  in  March  the  grcrap  was  mticli  changed  and 
none  of  its  prominent  spots  can  be  identified  with  individual 
spots  of  the  February  group.  The  most  prominent  nmbra  was 
in  the  latitude  of  B.  Its  apparent  course  during  the  interral 
March  5  to  16  is  shown  in  Fig.  3. 


A  COMBTARY  STRUCTURE  IN  THE  CORONA  OF  APRIL  U,  I8g3. 


J.  M.  SCHABBBRLB. 


In  the  October  number  of  this  journal  I  called  attention  to  a 
comet-like  structure  near  the  Sun  during  the  total  eclipse  of  last 
April,  as  shown  on  all  the  Lick  Observatory  photographs  of  the 
outer  corona. 

The  form  and  position 
of  this  object  is  shown  in 
accompanying  sketch. 
The  straight,  slender, 
nearly  radial  streamer, 
from  the  Moon's  outline 
to  the  structure  in  ques- 
tion, is  conspicuously 
visible  and  distinctly  iso- 
lated from  the  more 
inclined  neighboring 
streamers  not  shown  in 
the  sketch.  The  drawing 
is  made  from  an  original 
negative  taken  with  the 
40  ft.  telescope.  On  the 
Dallmeyer  negatives  the 
tail-end  of  the  structure, 
which  for  the  40ft.  tele- 
scope falls  outside  of  the 
Hmits  of  the  18  X  22  inch 
plate,  can  be  traced  for 
more  than  a  degree  from 
the  nucleus  or  head  of 
the  object.  Until  I  have  seen  copies  of  the  results  obtained  at  the 
other  eclipse  stations,  I  do  not  wish  to  express  an  opinion  as  to 
the  true  nature  of  this  object.  Copies  of  our  own  photographs 
were  distributed  more  than  eight  months  ago,  but  repeated  re- 
quests for  copies  of  the  results  obtained  at  the  other  stations 
have  thus  far  been  in  vain. 

Lick  Observatokv,  March  16,  1893. 


MELTINa  OP  THE  POLAR  CAPS  OF  MARS.* 


WILLIAM  H.  PICKSRINO. 


In  AsTROxoMV  AND  AsTRO-PuvMCS  for  1892.  p.  668,  in  given 
nil  nceount  of  a  series  of  conspicuous  cliniiges  llmi  were  oT»servt'd 
upon  tlic  surfnce  of  Mars  at  the  time  uf  Llie  melting  of  its  soutli- 
em  enow  cap.  These  cfannges  were  so  marked  that  mnny  of 
tlicm  could  DC  readily  observed  this  year  with  any  modernteJy 
Inrge  telescope,  altliough  the  position  of  the  planet  nt  this  lime 
will  he  much  more  unfavorable  than  was  the  case  in  1892.  In 
that  year  upon  July  12  a  central  branch  made  its  appearance  in 
the  peak  of  the  Y  mark.  This  branch  would  lie  just  south  of 
Nonchis  upon  Schinparelli's  map.  It  was  soon  seen  that  this  ccn> 
tral  branch  formed  a  portion  of  a  dark  line  connecting  the  great 
split  ia  the  southern  snow  cap  with  the  Northern  Sen.  This  sea 
lies  in  the  northeni  portion  of  the  Syrtis  major,  and  is  nitich 
darker  than  any  of  the  surrounding  n-gions.  Immediately  upon 
the  formation  of  Ihisciinntcting  link,  a  series  of  striking  chang;es 
occurrctl  in  the  shape  and  color  of  the  regions  surrounding  the 
Northern  Sea.  These  changes  are  fully  dcscr>l>cd  in  the  article 
referred  to  above,  and  no  further  descripiion  of  them  is  necessary 
in  this  connection.  The  apparent  alterations  from  night  to 
night  wtTc  very  marked,  and  the  whole  series  of  changes  was 
coniptctctl  iuhide  of  two  wct'ks. 

The  point  to  which  I  wish  to  call  the  attention  of  astronomers 
at  the  present  time  is  that  upon  May  30.1  S0-4-.  Mars  will  ivach  the 
same  portion  of  Its  orbit  with  regard  to  the  Sun  that  it  did  upon 
July  12, 1892.  It  is  therefore  presumable  that  a  similar  scries  of 
changes  will  occur  about  that  date.  As  Mars  will  Iw  morning 
star  at  this  period,  rising  about  midnight,  and  will  at  the  same 
time,  he  rather  remote,  it  is  not  likely  that  there  will  be  many  ob- 
servers watching  it,  and  for  this  reason  every  available  observa- 
tion will  l>e  of  niucli  greater  value  than  it  would  be  under  other 
circumstances.  The  center  of  the  Northern  Sea,  longitude  290°,  ia 
central  May  30d.  IT^.S  E.  S.  T.,  therefore  if  the  expected  changes 
occur  on  time  this  year  the  eastern  astronomers  must  look  for 
them  chiefly  by  daylight,  while  the  western  astfonomcrs  may 
look  for  them  rather  earlier  in  the  morning.  There  is  no  reason, 
however,  for  expecting  any  meteorological  phenomenon  to  occur 
on  precisely  ilic  same  date  upon  two  successive  years,  and  should 
the  thaw  liegin  earlier  this  year  upon  Mars  than  it  did  last,  it 
will  be  to  the  advantage  of  the  eastern  astronomer. 

CAUi3Rit>CE.  Mass.,  March  22, 1894. 

*  Coiicr[l>iited  l>v  cite  author. 


Astro-Physics 


ON  A  COMBINATION  OF  PRISMS  FOR  STELLAR  SPECTROSCOPE.* 


H.  P.  NBWALI.. 


(. 


The  arrangement  of  prisms  which  is  the  subject  of  this  note,  has 
not,  so  far  as  I  am  aware,  been  described  before,  and  its  conveni- 
ences for  astronomical  purposes  in  particular  are  so  numerous 
that  I  propose  to  give  some  details  concerning  it. 

ABC  is  a  strongly  dispersing 
prism;  all  three  faces  are  accurately 
worked;  and  the  angles  at  A  and 
B  are  equal. 

DEF  is  an  ordinary  double  total 
reflection  prism. 

These  two  prisms  are  relatively 
fixed  as  shown  in  the  accompany- 
ing section  with  the  faces  A  B  and 
DE  parallel  {or  approximately  so; 
see  final  paragraph) ;  the  edges  of 
the  prisms  are  also  parallel  and 
further  the  edges  C  and  F  lie  in  a 
plane  GCF  which  pnsses  through 
the  middle,  G,  of  the  face  AB  and  is 
perpendicular  to  All. 

The  combination  thus  forme<l  is 
symmetrical  about  the  plane  GCF, 
and  is  made  capable  of  being  turned  about  an  axis  which  is 
the  intersection  of  the  plane  GCF  with  the  face  AB.  Thus  in  the 
figure  the  section  turns  in  the  plane  of  the  paper  round  G. 

Light  from  a  collimator  falls  on  the  face  AB  as  indicated  in  the 
figure,  (the  central  ray,  however,  falls  on  G),  and  the  incidence 
is  suitably  adjusted  by  turning  the  combination  about  G;  the 
usual  telescope  is  adjusted  to  view  the  spectrum.  The  light  from 
the  collimator  suffers  deviation  and  dispersion  in  passing  through 
the  prism  of  refracting  angle  A ;  it  is  then  twice  reflected  within 
the  reflecting  prism  and  again  suffers  deviation  and  dispersion  in 
passing  through  the  prism  of  refracting  angle  B. 

The  spectrum  seen  with  the  telescope  is  therefore  similar  to 
■what  would  be  seen  in  a  two-prism  spectroscope  whose  prisms 

*  (Read  on  29  Jan.,  180-t,  before  the  Cambridge  Philosophical  Society,  Eng- 
land.)    Communicated  by  the  author. 


Prisms  relatively  fixed ;  the  com- 
bination capable  of  rotation  about 
G. 
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dirow  the  pointer  and  spectrum  Into  different  focal  plnncs  in  the 
ohaerving  telescope  nnd  so  introduce  parallax  diffictilttcs  which 
nin  only  be  eliminated  by  reworking  the  fnnlty  surlHcc.  Twn 
prisma  which  I  have  in  ray  possession  and  which  were  worked 
by  Hilger,  have  been  used  to  test  the  capabilities  of  the  cpmbtna- 
tion  and  give  excellent  results. 

The  obser\*ing  telescope  is  pointed  towards  G  and  is  monnted 
so  ns  to  turn  abont  the  same  axis  through  G  ns  that  iibont 
which  the  prisms  turn;  this  single  motion  is  enongh  to  bring 
every  part  of  the  spectrum  in  turn  into  view.  Thus  the  advan- 
tages of  a  two-prism  spirclroscope  arc  obtained  without  the  dis- 
advantages arising  from  the  usual  double  .adjustment  necessary 
ia  directing  the  obserrinsf  telescope.  The  combination  Tjrhich  I 
describe  may  therefore  replace  a  grating  in  a  diifraction  spectro- 
Kope. 

If  a  bright  star  is  ohservwl,  both  spectrum  and  pointer  are 
bright;  for  a  faint  star,  the  brightness  of  the  pointer  is  appropri- 
ately subdued.  TIic  fact  that  the  brightness  of  the  pointer  main- 
tains a  stritable  proportion  to  the  brightness  of  the  spectmm  to 
be  investigated  is  a  great  convenience. 

In  astronomical  work,  the  object  glass  of  an  equatorial  is  nscd 
to  throw  an  image  of  the  star,  whoae  spectrum  is  to  be  studied 
on  the  slit  of  the  spectroscope.  If  the  sht  is  widened,  the  image 
of  the  star  itself  is  seen  in  place  of  the  pointer.  This  is  a  great 
cooTcniencc.  tnasmnch  as  in  most  cases  the  star  may  be  thus 
identified.  When  the  star  is  recognized  amongst  its  neighbors, 
the  slit  is  closed  to  a  suitable  width  and  the  pointer  then  appears 
as  a  short  narrow  line  in  the  spectrum.  In  practice  it  is  prefer- 
able to  have  the  pointer  not  actually  superposed  on  the  spectrum, 
but  displaced  so  ns  to  be  n  little  above  or  below  the  spectrum. 
This  end  may  be  attained  by  slightly  tilting  the  reflecting  prism. 


OBSERVATIONS  OP  THE  MEW  STAR  IN  NORMA.* 


W.  W.  CA.MPBBLI^ 


Observations  of  the  new  star  in  Norma  were  first  attempted 
here  Fcbraary  13th,  18''.  The  star  was  found  without  di&tculty, 
altkongli  its  true  attitude  when  on  the  meridian  is  less  thao  2Vi 
degrees.  Its  light  iras  estimated  at  one-fifth  or  one-sixth  that  of 
the  8  mag.  star  A.  G.  C.  10940.  The  Nova  would  therefore  be  of 
the  9H  or  10  magnitude. 

*  CosDBiuntcatcd  by  tbc  author. 


Its  spectrum  consisted  of  an  exceedingly  faint  continuous  spec- 
tniui  in  the  yellow  and  green,  and  four  bright  lines  apparently 
identical  in  position  and  relative  intensity  with  the  bright  liacB 
575,  501.  4-^16,  and  +86  in  the  August,  1892.  spectrum  of  Nova 
Anrigae.  Rough  measures  of  the  wave-lengths  of  the  two  bright- 
est lines,  made  after  daylight,  gave  5013  and  4953. 

The  star  was  seen  again  for  a  few  minutes  between  clouds  on 
February  28th,  17''.  Its  magnitude  remained  unchanged  at  about 
9^  The  faint  line  in  the  yellow  was  not  seen  with  certainty  this 
morning,  possibly  owing  to  light  clouds.  Two  hasty  settings  of 
tlie  micrometer  wire  upon  each  of  the  three  bright  lines  in  the 
green  and  blue  gave  the  following  intervals: 

Ist.    (intensity  10)  —  2nd.    (intensity  3)  =  49  tenth  metres; 

2nd.    (intensity  3)  -  3d.     (intensity  1)   =100  " 

Keelcr's  intervals  for  the  nebular  Unes  are  respectively  48.0  and 
97.5  tenth-metres. 

On  March  2*1,16'' 30°',  the  star  was  seen,  magnitude  unchanged, 
but  fogging  of  the  object  glass  prevented  measures.  The  trans- 
parency of  our  atmosphere  is  shown  by  the  fact  that  neighboring 
stars  were  visible  down  to  about  the  9.5  magnitude  in  the  4-incIi 
finder,  though  the  Nova  could  not  be  seen  with  certainty. 

March  6th,  10''.  A  hnzy  sky  ntadc  the  spectrum  very  faint. 
Eight  micrometer  comparisons  with  the  adjacent  lead  line  gave 
the  wave-lcugth  5007.3  for  the  principal  Sova  Uoc.  These  differ- 
ent settings  on  the  second  Xova  line  gave  for  it  the  wave-length 
4957.  The  third  line,  H.rf,  was  too  faint  for  observation.  Mag- 
nitude of  star  unchanged. 

There  can  be  no  doubt  that  the  spectrum  of  Nova  Norma;  is 
nebular. 

Lick  Observatory,  1894,  March  7. 


RESULTS  OP  SOLAR  OBSERVATIONS  MADE  AT  THE  ROYAL  ROMAN 
COLLEGE  IN  THE  FOURTH  QUARTER  OF  THE  YEAR  i893.' 


P.  TACCHIKI. 


I  have  the  honor  to  send  you  the  results  of  our  solar  observa- 
tions for  the  fourth  quarter  of  the  year  1^93.  In  Noveinljcr  the 
•weather  was  not  very  favorable,  but  in  October  and  December  it 
was  really  splendid. 

*  Cammunicatcd  by  tbe  autUor. 
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The  phenometia  of  the  spots,  although  siill  of  contridirrnble  frc- 
qoency,  have  suffered  some  flitninution  in  comparison  with  the 
preceding  quarter.  It  Ls  well  Cn  note  the  secondary  maxitnutn  in 
the  month  of  December,  for  after  the  other  maximum  in  the 
month  of  August,  the  spots  continued  to  diminish  until  some 
time  in  November.  In  the  period  of  maximum  solar  activity,  the 
Son  has  always  Qppenre<l  with  spots  and  large  pores  (trous). 
Following  are  the  results  of  the  olMtcrrations  of  protnberancea  : 
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The  observations  show,  therefore,  that  the  pbenoroena  of  the 
protuberances  have  undergone  a  diminution.  Itshontd  be  noted, 
however,  that  a  secondary  maximum  occurs  in  the  month  of  De- 
cember, as  in  the  case  of  the  si>ot8,  and  that  a  similar  coincidence 
occurred  in  the  month  of  August.  The  only  protuberance  worthy 
of  special  note  was  observed  on  the  2(>th  of  December,  in  posi- 


tion angle  288= 
lowing  table: 


Its  variations  in  height  are  shown  in  the  fol- 


11  20  heights    87.8 

11  41  133.0 

11  47  141.1 

11  64  79.8 

13    3  ee.s 

The  maximnm  ajiparcnt  velocity  of  ascent  was  2fi  kilometres 
per  second;  of  descent,  109  kilometres.  At  278°  there  was  an- 
other protuberance,  the  height  of  which  at  11"  22"'  was  109", 
and  which  at  11''  48*  had  entirely  disappeared.  No  metallic 
lines  were  observed  in  the  spectrum  of  the  limb  of  the  Sun  at  the 
place  of  the  two  prominences;  the  maximum  solar  activity  is 
therefore  quite  different  in  character  from  what  it  was  before. 
The  spots  at  the  limbs  of  the  San  appear  almost  always  in  a 
state  of  qaiescence,  and  it  is  probably  for  this  reason  that  on  the 
Earth  wc  have  had  no  strong  magnetic  disturbances  or  remark- 
able auroras. 

RoMK,  Feb.  15,  1894. 


ON  THE  VISUAl,  APPEARANCB  OP  NOVAAURIGAE. 


^VILLIAM  MCGOfXS. 


'Some  discttsslon  has  taken  place  as  to  the  visual  appearnncc  of 
thia  object  since  it  ^as  rc-observcd  tn  the  autumn  of  lfil>2.  At 
the  Lick  nbservntory  nnd  also  at  Piilkowa,  the  N'ova  was  »ecn 
to  differ  in  appearance  from  a  star  of  similar  magnitude,  and  to 
have  taken  <*n  the  appearance  of  a  small  bright  nebula  consisting 
of  a  nucleus  surrounded  with  a  pretty  bright  and  deniw  ncbnloo- 
Tty  3"  in  diameter  (A.  N.  3118,  p.  408,  and  3lS4,  p.  263). 

Mr.  Newall.on  the  contrary,  observing  with  the  2S-inch  Newall 
refractor  at  Cambridge  on  Sept.  14th,  1892.  sa.\-s:  "With  a 
power  of  215  1.  at  first,  thoutrht  that  tUe  N'uva  was  difiu»c  and 
resembled  a  planetary  nebula  rather  than  a  star;  but  on  focussing 
mon;  carefully  1  made  out  that  the  Nova  was  dt!«tiTictJy  stellar; 
now,  however,  the  neighbouring  stars  resembled  planetary  nebu- 
lae. In  fact  the  Nora  and  neighboring  stars  could  not  befocussed 
simultaneously.  The  Nova  owes  its  visual  magnitude  nearly  en- 
tirely to  the  light  that  gives  rise  to  the  three  green  lines,  and  it 
^■as  possible  to  verify  a  conclusion  drawn  from  this  fact  and  from 
the  nature  of  the  chromatic  dispersion  of  a  refractor  29  feet  focal 
length;  the  image  of  the  Nova  was  distinctly  more  point-like  than 
tliat  of  the  neighbouring  bright  star  when  each  in  turn  was 
focusscd  as  carefully  as  possible.'*    (Nnture,  vol.  4-6,  p,  489). 

Dr.  Roberts  photographed  the  star  on  Oct.  3d,  1892,  with  an  ex- 
posure of  110  minutes;  and  on  Dec.  25th,  1892,  with  an  cjcpOBure 
of  20  minutes:  the  diameters  of  the  photo-images  being  21'  and 
13"  rcsiiectivcly.  Dr.  Rolicrts  concludes,  "there  is  no  indication 
of  nebulosity  round  the  Xova  or  In  its  vicinity.  It  appears  as 
sharply  defined  as  the  other  stars."  [Montbfy  Not.  vol.  LIII,  p. 
123.) 

Professor  Vogel  still  maintains  (A.  N.  3198,  p.  7G)  as  au  ex- 
planation of  the  nebulous  appearance  seen  at  the  Lick  Observa- 
'tory  and  at  Pulkowa,  the  view  which  he  suggested  in  his  paper 
"  Veber  dea  acuta  Stem  ia  Fubnoaua"  (Abhaadl.  d.  Kgl.  Akad. 
d.  Wissenscb.  Berlin,  1893,  p.  40):  "dass  die  beohtwbutea 
fiuJfcu  am  dca  Stera  aicbts  aridcres  als  die  cbroaintischcti  Ab- 
wckbuagskreisc gcwesen  sind." 

It  uiay  tJiereforc  be  of  intepestfor  roc  to  state  the  results  of  a 
careful  scrutiny  of  the  image  of  the  Nova  in  a  reflecting  telescope 
which  gives  very  fine  deiinition.  This  telescope  has  an  aperture 
of  18  inches,  with  both  mirrors  of  speculum  tiMtal  arrauged  in 


the  Cassegi'ziin  form.  Mrs.  I1u>;{^iih  uxid  tnvBelf  on  Jan.  12tb, 
IS&l,  compared  the  imnj;c  of  the  Nova  with  that  of  the  sninll 
»tur  85"  a,  f,  which  was  only  a  tittle  less  bright,  observing  with  a 
scries  oi  eyc-pieccs  magnifying  from  100  up  to  about  700  diam- 
eters. The  Xuva,  which  of  course,  cumc  to  focus  absolutely  with 
tlicvtar,  prescntcil  oJwnys  Jin  ap]>carancc  precisely  similar.  \Vc 
remarked  particularly  that  with  the  hif^hesL  power  the  image 
wnsns  small  anrl  as  sharifty  defined  a  point  as  that  of  the  star. 
On  l}ie  uif^ht  of  Jan.  ll^th,  defmition  was  excellent  here;  and  be- 
yond all  doubt  under  the  conditions  above  described,  the  Nova 
appeared  asju  true  star.— Otscri-atorr  for  March,  p.  108. 
Loxuos,  S.  W..  90  Upper  Tulse  Hill',  1894,  Jan.  IS. 


ASTRO-PHYSICAL  NOTES. 


All  articles  and  correapoutlcnK  rclnting:  to  BpectroKop;  uml  oUm  mil^cct*, 
propal^  todudcd  in  AsTHO-E'avsica,  alimild  be  addfrssnl  to  Qcorgc  B.  Hftlr,  Kvd- 
wou{]  OburTHlor)'  uf  Uie  Tuivmity  uf  Chkn^o,  ClticoKo,  0.  5.  A.  ,\utlio(>  of 
pa]Kr«  urc  rc((iicfttO[l  to  refer  to  lait  page  Cor  mfotmatiuo  in  rrgard  to  illnstm- 
tbos,  leitrint  coplrs,  etc. 


JM«  on  2fov«  Aurifte.— I  hare  just  made  th«  iatrrr«tin)r  tllKi>Yfr7  that  NoYR 
Kvaif^  np[KMni  on  a  pl&tc  which  I  cjcpused  Jon.  6,  16U2.  on  the  norClt  coiuc  of 
Nomray,  forth*  piiTpovr  of  pholoKmiihing  tbt  uortlirni  IIkHI.  It  Itn*  been  my 
tulcntion  for  a  Ioiik  thvc  to  look  over  my  [ilnlc*  with  tlits  object  in  yhw,  but  oo 
■rcotmt  of  other  ulliiira  I  liuvc  bul  just  now  be«ii  uble  to  undccinkc  the  work. 

linfortannKly,  thr  Nova  isnrnronr  cdKcuf  tlic  pliitc:  x  Auriga!  in  not  on  It 
at  nil-  TIk  Nova  ia  honxTcr  fAlrly  dintiiK-t,  since  ittnrs  below  tlie  et;;hth  mii^ni- 
tadc  can  •omrtinirM  )«  rvcoicniorfl  wtllioiil  j^rcnt  iliHicutty.  TItc  [tliotoffrapb  was 
taken  on  an  orthochronuitk  plolc,  •cii«iti\'c  to  ycUuwiab  ^recn  light.  Martin 
Braulel.  Gml^wald,  1893,  Dec.  d.    [TranslKtcd  from  A.  N.  3309]. 


KeptodDCtiOB  of  AatroDomical  PtaotogTaphe.— The  Observatory  uiiO  tbe  Joamat 


I-  of  I  he  1  ■'  -IS  of 

i>!i  on  AjT.  ..but 

'j((itivc»  will  Inn  illy  lind 
r  coroiiit  U  wholly  lo»L, 
Strong  contriuta  con  be 


«,■  •f:tnyuomka!  Associmiion  ■ 

t-t.  I  l.y  I'rofcjsorScliAol'ictlr  i 

any  oil  -  iiectx  Profr»!ior  Scliacl>cik'n  '  " 

tbcwr  (■  1  'iwKitisfat'ttiry,  «■  tbc  (lct;»il  "I     i 

Tbc  (tithculty  u  otic  inherent  in  phologroiibic  proccMc*. 
mccoaifolly  dcult  with,  but  an  aitnnpt  to  rcpruOtice  photoKriphs  of  ncbubc  or  of 
Ibecomna,  in  which  HeUeate  sradations  of  li^hi  occor,  gmerally  nsalt<in  lAilare. 
ProkmtUT  UoUen.  wnliojt  on  roctho4fl  of  repnscntii]);  the  MltW  Way.  in  No.  34 
of  liie  Pabheatioas  of  tbe  Astroaomkal  Sotktjr  oftht  pMcUie,  Mjrtt,  "If  dran- 
taga  ctv  [T|trnilucdl  by  pbotu^iuphyt  tlic  rcry  riml  copy  on  a  acnvillTc  plate 
ctutQgekall  tlic  contra«ti  of  the  ohjfinnl  d«»if(U.  It  i«  uruitl  ui  Mnd  tbia  Arat 
Degatjvc  to  the  pcraon  wlio  ts  to  nialu:  the  pnmH  block  for  priniiojj.  and  wbo 
aunt  make  another  cop7  on  a  'atiippL^  plnte,'  or  on  lomcthing  eqainlent. 
These  otripping  pbitc«  are  usuollj  Tcr;  alow,  aid  cite  contraatftan:  again  ww h 


chanjrcd  by  thr  trufwfrr,  Finally,  the  Mock  i«  made,  nnd  in  the  c«wr*e  of  prrntnifE 
tliv  ini)jr«u<ion9  new  phaii^ea  of  conira* t  votae  in,  tiol  to  speuk  of  great  losses  vf 
dc^ition.  If  the  original  iv  a  acgntivc,  and  nut  o  drawing.  ditTiciiItic?  uf  pTcciacly 
the  same  nort  arc  pment.  [>clinition  in  alwayA  lost  and  ib«  contrasts  arc  always 
changed,  more  or  less.  Onr  rxptrriencc  at  the  Lick  OlMervatory  luu  ItM-n  rontldeo 
flblc.  aud  wx  have  found  rvproducttons  by  licIioKravure  (on  vapficr)  to  Ih^  tlic 
ni««l  Kntixfnctory.  They  arc  Iwrdly  more  th«ii  twice  lui  cxpeiiwre  a*  llie  Iie«t 
'processrs,*  i»od  they  arc  very  miich  Buperior," 

\*  uri)fiiiol  nrgiitivv)^  of  axtmiionitcnl  subject*  can  End  cbdr  way  into  tbe 
hands  of  cotnparalivcly  few  jicrsona,  the  (locslion  of  satiBfacti»ry  method*  of  r«- 
produrttnn  is  (iru- of  very  can»iHcrnl>le  importance.  Mr.  Kanyard  u  doing  valu- 
able service  l\v  [lublitibing  in  nearly  every  niimlxTr  ol  Knowledge  tvnlly  beantiful 
plates  Teiiratentin^;  tlie  lat«iit  triumphs  of  avLronomicil  )ilK>tuura|tlir. 


An  Attronomical  Expedition  to  Arizona  from  HarvArd  Coll«g«  Otturratory.* — \ 
party  tn  cliarjrc  of  Professor  W.  H.  PicfcerinK  will  soon  set  oat  from  I-Iarrard 
Colhrge  Obscrvatorj*.  to  establish  an  observing  station  somewhere  in  the  Mate  of 
Arizona,  the  principal  object  of  the  cxi>edltioD  bcins  to  observe  Mars  dnriog  the 
farorable  opposition  next  fturnraer,  Pnr  the  following  details  we  arc  principally 
indebted  to  an  article  in  tbe  Boston  Hermid. 

The  success  of  the  ol>9ernnji:  station  at  Are<iuii»u  has  induced  Frofesiof  Pick- 
ering to  make  the  cxpcnmeat  of  founding  a  similar  elation  at  a  high  altitiwle 
somewhere  within  the  limits  of  the  United  fitatcs.  Trial  on  Pike's  Peak  showed 
that  the  "seeing"  was  not  good  there,  (in  this  respect  agreeing  with  the  experi- 
ence of  Professor  Hale),  and  prcfercHce  has  bccu  given  to  the  dry  climate  and 
dcartkics  of  ArixonH.  The  exact  location  has  not  yet  been  decided  upon,  aJt  K 
has  been  ihonght  best  to  make  some  preliminary  tests  with  a  small  instrument. 
Mr.  A.  E.  Donglass  will  Lake  n  lixineh  telescope  fur  this  purpose  to  Frescott. 
Phoenix  and  Tacson,  nnd  the  site  chosen  will  depend  open  his  trport, 

The  chief  instrument  of  the  expedition  will  be  a  fine  eighteen-inch  nfi^actor  bjr 
Brnshear.  the  objective  of  which  was  exhibited  at  Chkago.  Mr.  Brashear  wiD 
also  provide  a  serviceable  mounting  .ind  many  of  the  accessories. 

It  ia  stated  that  the  funds  for  the  expedition  have  been  gencroualy  provided 
by  Mr.  Percivnl  Lowell  of  Boston,  a  gentleman  who  is  deeply  interested  in  ac- 
tronoray,aud  hascoutribuicd  to  its  literature.  Mr.  Lowell  wiQ  bimadf  accom- 
pany the  expedition  as  an  observer. 


Stonybnnt  College  ObMmitoiy.— The  latest  pnUicatiou  of  this  Obacrvntory 
consists  mainly  of  mctcurologtcul  obacrvations.  We  Icnru  however,  in  ibe  intro- 
duction, that  the  objective  of  the  Father  Perry  .Memorial  telescope  arrived  in  the 
beginning  of  November,  and  was  placed  in  position  un  ttic  6tb.  It  bus  n  dear 
a]>ertnrcaf  W'.t,  inches,  was  made  by  Sir  Howard  Grubb.  and  although  the  at- 
mospheric  conditions  have  not  yet  been  sufficiently  perfect  for  a  complete  test  of 
its  defining  powers,  is  undoubtedly  of  the  bigbrst  excellence.  This  tekscope  is 
mounted  on  tiic  pier  of  the  old  eight-inch  telescope  which  it  replaced,  the  pier  bcinj[ 
so  massive  that  it  carries  tbe  new  and  mueb  larger  telescope  Wintbont  dilficulty. 

Since  May,  1893,  all  clear  nights  have  been  devoted  to  a  photographic  study 
of  the  spectrum  of  fi  Lyne.  The  results  huvc  been  published  in  the  Moatbljr  Kt>- 
tJces  of  the  Royal  Astronomical  Society  (Dec.  1K9H). 

*  Tim  rs|>r<]ltlon  will  nat  be  aadcr  the  direction  ot  ftnrvard  College  Observatoiy.  Irat 
andcr  that  of  prtvstc  parties.— Bd.J 


Vew  Tel«acope  for  Gre«Dwicb  Obserratorr.— An  cditoriAl  note  in  the  Ob»erra- 
torj  «ijr«:— "We  hiirr  reason  to  kuow  Ihftt  Sir  Ilcnrr  TbompBon,  thcemineac 

'  anrgron,  hns  oliirreO  the  n)iij;iufici:nt  &mii  i)l  o.oufj  pounds  sterling  to  tiK  nation, 
throojth  thr  Astruiinntcr  Ritvni,  for  tlic  |nir|iasc  of  Ijuj-id^  a  tclcKujic  for  Grtca- 
wtch  ObarrruCnrir.  Ii.  \%  not  uflcii  aatniiiuniy  Imtlx  xiiclt  a  gencrnui  patrnti,  on 
this  NiJeof  the  Allsntic  at  IcmhI,  iind  njorcivn-,  on?  whu  van  so  well  iip]>reciMt« 
tbc  exoct  accils  ol'  tbc  ik:ieuc«  at  lIk  mumtiit.    Fur  Sir  II.  Thcirn^ison  foresc^g 

,  ihnt  the  nstrtmomy  tif  the  future  \»  tu  bv  |)hDto|^apIiic,  am]  feeling  that  Bnglnnd 
•bonUI  Im  well  ri)uipi>ed  in  lliia  Arm,  niAkes  it,  a  coiiditinn  of  hi*  gift  th.tt  the  tek- 
•ropr  ia  to  ljccsprc«»ly  tlouf^rd  fof  photo;;rnphir  jiurpmc*.  S^  liir  am  the  (rians 
KremaOr,  niitl  *ul)irct  to  i)k  nctx-pinmre  of  tl)«  ittfer  hy  t)i«  gownmirni,  the  JD* 
■tnnncnt  u  to  Iw  of  30-inclie&  ;itK:rturr,  jt«t  twice  that  of  the  telescope  used  for 
lbcI'hott>);r«|ihic  Chjtrl  of  the  Heavens — in  fact  tlir  inAtrumcnl  (which  will  pro- 

'  bnhlv  be  uifi'lc  by  Sir  H.  Grubl>|  ii*  to  )>c  made  fmrn  the  moddaf  Astrograpbic 
EqiiDtnrioI,  bat  of  cxactl)*  doubk-  tbc  cicineuaion*  in  erery  pnrtieulur.    The  (;[itid- 

I'mg  lflcK4i|)c  lor  Lite  new  tnatromcnl  will  Iwr  Ihv  TS'^t'inch  Mcrs  rvfr^ctor  with  a 

'  Itsbt  tube;  aati  the  9-itich  pbut'i^^mpbic  ub)c«tive  presented  by  Sir  H-  Tbompsoo 

[to  ihc  Roynl  Obscrvntory  »utnc  three  yenru  aso  will  nlso  be  carried  oil  tbc  same 

Ifnonntin^  lr>r  n»c  n»ii  ph(>tiihcliH(;mpb  nn.it  prcsmt. 

TtK  new  instriimrnt.  wlien  completrfl.  will  Iw-  housed  under  the  l^nDsrl!  Do1n^, 
tbr  Kip  of  thr  ix-ntnil  nctagoit  of  the  ncu-  PtiyAicat  Observatory,  now  being 
inBt  \a  tlw  fotKh  ^rotiniU  of  the  Royal  Obwcrratory, 


As4»rMo*i  Vatlable  In  AndTomsda. — The  variability  ol  Andcreoa's  star  in  Kn- 

>tiicda.  luu  been  conftrme«l  by  rrnfe«aor  Ptekerinf*.    Tbe  «iar  a|ipcar»  on  eight 

[platrvmailc  nt  Hiirimnl  ITollege  Olnirrviilory  iinil  fnim  lhf*t  thr  maximum  pUo« 

ti>};rn['hic  bri|;hinrM<  hnn  been  rietenntnrfl  tn  be  'J.l>  white  other  pintnt  lihow  tbni 

i  tbc  nituimuni  »■*  l>duw  12  «««■    Tbc  HorvnrJ  photi>erupli»  nod  the  nliservmioii* 

ted  by  Dr.  Andcrvon  as  havini.'  )>cen  made  :tt  Uonn  und  CambridKe  ure  wi\M- 

ibv  a  period  of  3>'l  (Iny)!.    A  maximum  oceurrrd  nn  March  ^li.  1S9t. 

A  mtinrkablr  fenttire  nf  thi^  tnr,  according  to   ProlbK<ior  I'ickrring,  is  the 

uniformity  nf  tbc  ruriiition  of  it.^  titcbt.    During  tbc  three  nioiithti  followinf[  Che 

maxintum  the  iliminution  in  Itgbt  exprcwKd  in  mngnitadc*  was  prrfevtiy  unifomi, 

and  Rt  tbc  race  of  one  maKiiilnde  iu  2S  days.     The  increase  diiriiis  tbc  three 

anntlK  prercdiuK  the  fflHximitni  was  nUn  uniform,  and  at  tbc  rate  of  one  mAjfni- 

tade  in  '2^  duy<.     The  mtignilude  at  minimum  hrisbtneaa,  aanumlnj;  tbcM  laws 

to  bold  tbrouj;hnut  the  period  of  rnriation.  would  Ik  11.5. 

In  n  note  fdlliiwinj;  I'rofe>9<*r  ISckerinx's  attidc  in  A.  N.  3213,  Dr.  Ilartwig 
gim  n  few  oberrvntionB  wiiieb  lead  him  to  think  that  the  period  of  tbc  otar  may 
be  74^  days,  but  they  arc  not  sufficiently  numerous  to  justify  a  difintte  conclo- 


Itr.  Hadden's  Solar  Work— From  recent  private  letter  we  learn  of  Mr.  Pitvid 
E.lladdea'!>  recent  work  with  the  s|»eetio scope.  He  says:  "I  am  nowiupos- 
KUton  of  A  very  xood  two-incb  grating  liy  Mr.  Rrniihear,  nnd  iim  much  inter* 
e«(«d  in  speetTOacopic  observation,  especially  in  uotinj;  the  revervals  of  tbe  C  line 
ia  tbe  uuibra  of  the  larjite  s|M>t  now  on  tl«;  Sun'a  surface  (Feb.  23).  ]  have  also 
'  srnired  «ome  foirly  Koud  photO|crapbs  of  tttc  Sua  showing  the  lanfe  jiTOnjt  now 
'  TiMihte  with  a  photo  heliograph  nf  my  own  conittntction,  I  om  itxin^  a  S-lscb 
->u(il  objeetive  (Bfftslicar)  and  enlarging  lens  at  focus,  and  secure 
.ibout  two  and  one  hnlf  incbcwin  diarartrr. " 


^18 


Cuntnt  CelestinJ  Pheaomeaa. 


CURRENT  CELESTIAL  PHENOMENA. 


PLANET  NOTES  FOR  MAY. 


Uacary  will  be  at  mipcrior  oonjraictirni,  i.  e.,  bcliiml  tbe  Sun,  May  30  at  9* 
44^  central  time.  Coring  Max  this  plnnct  will  be  wholly  hidden  to  the  e^e  by  tbe 
gtsre  of  tbe  Son,  oltliniigb  it  ts  calculated  to  reach  its  grcatctt  briUianc;  on  th£ 
2311. 

Veaa»  vriU  be  hi  ^ood  position  for  obsrrratioa  about  4  o'clock  in  tlte  mora- 
nif(  during  Ma,v.  Her  phase  will  iucreaw:  Irom  R)M>ut  hair  to  two-third*  duricK 
the  moath.  white  ber  bntlinncy  will  diminiab  in  Uk  ratio  or  137  to  ii7  in  tiic  same 
lime,  becauK  or  her  recession  from  the  Eiirth.  VentiR  and  the  waning  Moon  will 
be  in  conjnnction  May  Ut  at  &■■  07"*  P.  U-  central  time  and  agaia  May  31  at  3^ 

p.  M. 

Mart  is  also  to  be  otMcrvcd  in  lite  morning.  He  is  alMut  30"  wMt  and  \iP 
toiith  from  Vcnut,  in  the  i;>onste)lKtion  Capricorn  and  will  iiiove  northenst  into 
Aquarius  during  May.  At  the  ead  of  the  inontb  Iw  will  be  ftmnd  aboot  hnlf  w»y 
between  the  lint  tnagnitudc  stars  Fomalbiial  (a  Piscis  Aostritii)  and  MnHcab 
{a  PfgMt'}.  Mars  will  be  in  conjunction  with  llic  Moon  March  S8  al  2''  18" 
central  time.  Obicrvcrs  in  Ccatral  and  fvouih  Amenrn  may  ace  tlic  p[ai>ct  oc- 
cnltcd  8t  this  time. 

Jupiter  and  Heptane  will  be  too  low  in  the  west  dnritij;  the  eorlr  evening 

hours  for  any  «aliiifavtory  observ- 
ations dnrinu  this  month.  Tbe 
tables  of  tbe  satellites  ore  there- 
fort  omitted.  On  Poole  t)n>it.mA|> 
for  this  month,  however,  tbc 
coorKs  of  Jupiter  and  Ne^'tune 
anion;;  tlw  stars  arc  tudic.ited  for 
the  SAX  months  from  April  1  to 
Sept.  1. 

Sutam  will  he  iu  best  position 
for  observation  durin;;  Mny,  crns- 
sinf{  tbe  meridian  about  10  o'clock 
in  the  first  hall  and  9  o'clock  r.  H. 
in  the  latter  half  of  tbc  month. 
The  ring«  of  Saturti  an:  dow 
pretty  well  widened  out,  so  that 
the  1bree  parts  canbedistingtrisbed 
leadily  aud  tbe  Cossinl  division 
ran  be  followed  all  the  way 
around.  Tbc  elevation  of  the 
E^rth  above  the  plnue  of  tbe 
rings  tH  about  12°.  Saturn  is  tu 
the  cotwtellation  ^Irjjo  about  5* 
north  of  tbe  first  magnitude  atar 
!ipka,  with  which  be  is  almost 
equal  in  brighttiesi.  A  conjunc- 
tion of  tiK  Moon  and  Saturn  oc- 
ApPARE-^T  OHBm  OF  TlIE  SATBLtlTB  OP  ^^  j^^^  jg  ^^  j^,  --»  ^^ 

DSAMUS  DC  18(4. 
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Urmnas  is  also  in  good  pontton  for  obserration,  being  at  opposition  May  3> 
WegiTc  this  time  a  diagram  shoiving  the  apparent  courses  of  tfae  four  satellites 
aboat  the  planet.  In  the  tables  we  give  the  times  when  each  satellite  will  be  at 
greatest  elongation,  that  is,  at  tfae  point  0  on  the  diagram.  The  black  dots  with 
the  nmnerals  beside  them  indicate  the  positions  of  the  satellites  on  the  successive 
dates  after  the  northern  elongation.  For  example,  Umbriel  will  be  at  northern 
dmgatton,  /.  e.,  at  the  point  marked  0  on  its  orbit,  May  3  at  8».6  p.  v.  On  May 
4  at  the  same  hour  it  will  be  at  the  point  marked  1,  May  6  at  the  same  hour  it 
win  be  at  2,  etc. 

The  four  oldest  of  the  minor  planets,  Ceres,  Pallaa,Jano  aud  Vesta,  all  happen 
to  be  ip  the  region  of  sky  covered  this  month  by  Poole  Bros*,  map  in  Popular  A»- 
iroBomy  axtd  their  apparent  courses  for  tfae  next  six  months  aresho^rain  red  upon 
the  map.  Ceres,  Pallas  and  Vesta  have  passed  the  best  time  for  their  observation 
bat  will  an  be  bright  enough  to  be  found  without  much  difficulty  during  the  next 
three  months.  Ceres  vras  at  opposition  March  13.  Its  brightness  will  be  equal 
tothatof  a  star  of  the  7.2  magnitude  April  1,7.5™  May  1,  7.9™  June  1,  8.2™  July 
1,  8.5"  August  1,  and  8.8™  September  1.  Pallas  was  at  opposition  Feb.  7.  Its 
brightness  will  be  7-0™  April  1,  7.6"  May  1,  8.1™  June  1,  8.5™  July  1,  8.8™ 
Aug.  1,  and  9.1*°  Sept.  !•  Vesta  was  at  opposition  March  10.  Its  brightness 
wUl  be  6.5™  April  1,  6.8»>  May  1,  7.2°  June  1,  7.5™  July  1,  7.8™  Ahr.  1  and 
7.9™  Sept.  1.  Juno  is  not  so  favorably  situated.  Althoufj;h  she  comes  to  oppo- 
sition May  7  she  is  so  far  from  her  perihelion,  or  point  of  nearest  approach  to  the 
Sun,  that  she  will  at  brif^htest  be  only  of  the  tenth  magnitude  and  will  therefore 
probably  not  be  seen  by  the  amateur. 


Planet  Tables  for  May. 

[The  timet  griven  are  local  time  Tor  Northflcld.  To  obtain  Standard  Times  for  Places 
in  approximate T  the  same  latitude,  add  the  difTcrcnce  between  Standard  and  Local 
Time  If  west  of  the  Standard  Meridian  or  subtract  if  east]. 

MBRCUKY. 

Date.                  B.  A.                     Decl.                   ttlsea.  Transits.                         Sets. 

1894.                 hm                    or              hm  hm  hm 

May      5 1   50.6       -h    9  16          -t  15  A.  M.  10  56.5  A.  u.  5  38  p.  u. 

15 3  06.3        +  16  58           4  18     "  11   32.7     "               6  4.7     " 

25 4  35.7       -1-23  14          4  27     "  12  22.5  p.m.          8  08    " 

VENUS. 

2tfay       5 23  58.4        -    1   15          3  05  A.  M.  9  04.5  A.  si.  3  04  p.m. 

15 0  37,7       +    2  17          2  51     "  9  04.4     "  3  18    " 

25 1   18.2       -i-    6  03          2  37     "  9  05.4     "             3  34    " 

MARS. 

"May      o 21   58.9        -  14  11          1  58  A.  m.  7  05.3  a.m.  12  12  p.m. 

15 22  26.0        -  11   55          1  36     "  6  53.1     "  12  10    " 

25 22  52.4        -     9  33          1    14     "  6  40.2     "  12  07    " 

JUPITER. 

May       5 4  21.3       -|- 20  59          5  53  a.m.  1  26.5  p.m.          9  00  p.m. 

15 4  30.8        +  21    22           5   22     "  12   56.8      "              8  32     " 

25 4  +0.6       -1-21  43          4  50     "  12  27.3     "             8  0+    " 

SATURN. 

May     5 13  18.2        -    5  18          4  39  p.  m.  10  22.1  p.  m.          4  06  A.  U. 

15 13  15.9        -     5  05           3   56      "  9  40.5     "              3   25     " 

25 13  14.1        -    4  50          3  14     "  8  59.4    "             2  44    " 

URANUS. 

Mav     5 14  43.6        -15  25          6  45  p.m.  11   47.2  p.m.          4  49  a.m. 

15 14  41.9        -  13   18           0   04     "  11   0G.3     "              4  09     " 

25 14  40.4        -  15   11           5   23     "  10  25.4     "              3   28    " 


'.■,fl 


320 


Current  Celestial  Phenomena. 


Date.  R.  A. 

1694.  b       m 

Mey      5 4  43.6 

15 4  45.2 

25 4  46.7 

May      5 2  51.0 

15 3  30.0 

25 4  10.0 

May      2 0  16.4 

4 1  58.0 

6 3  56.9 

8 6  13.3 

10 8  27.0 

12 10  21.9 

14 12  02.0 

16 13  37.8 

18 15  18.4 

20 17  07.4 

22 18  59.6 

25 20  45.6 

27 22  22.0 

29 23  54.3 

31 X  31.8 


Dccl. 
o  f 

+  20  50 
4-20  52 
+  20  55 

+  16  24 
+  18  59 
+  21  03 


NEPTDNE. 
Rlaei. 


+  1  02 
--14  11 
-24  38 

-  -  28  33 
--24  03 
+  13  34 
+  0  43 
-11   49 

-  21   56 

-  27  42 

-  27   51 

-  22  38 

-  13  24 

-  1  36 
+  11   11 


b    m 

6   16  A.  M. 

5  38     " 

5  00     " 
THE  SUN. 

4  44  A.  H. 
4  32     " 
4  23     " 
THE  MOON. 

3  24  A.M. 
.       3   59     " 

4  58     " 

6  30     " 
9  01     " 

11  41     " 

2  09  P.  U. 
4  30     " 
6   50     " 
9   05     " 
10   53     " 

12  05  A.  M. 
12  52     " 

1  28    " 

2  04    " 


Trsnaita. 

Ii    ni 

1  49.1  P.  V. 

1   11.2    " 
12   33.4    " 

11  56.6  a.  If. 
11  56.2     " 
11  56.7     " 

9  34.2  A.  u. 

11  07.7     ■' 

12  58.5  p.m. 

3  06.6     " 

5  12.0     " 

6  58.8     '■ 

8  30.7     " 

9  58.4     ■' 
11    30.9,    " 

1  11.6  a.m. 

2  55.8     " 

4  33.R     " 

6  02.1     " 

7  26.2     " 

8  55.4     " 


Sets, 
b        m 
9  22  P.  If  • 

8  44    " 
8  07    " 

7  08  p.  M. 
7  20    " 
7  31    " 


3  56  p.  M- 

6  34    ■■ 
9   12     " 

11  36    " 

1  08  A.  u. 

2  01    " 

2  38    " 

3  15    " 

4  03    " 

5  15    " 

7  01    " 
9   10    " 

11  23    ■' 
1    38  p.m. 
4  03    " 


Phases  and  Aspects  of  the  Moon. 


New  Moon May 

Perigee " 

Firsc  Quarter " 

Full  Moon " 

Apogee " 

Last  Quarter " 


Central  Time. 
d  h  m 
5  8  42  A.  M. 
10  24  p.  U. 
12  21  A.  U. 
10  43  A.  M. 
6  20  P.  M. 
2  04  P.  M. 


7 
12 
19 
23 
27 
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BlongtLtlons  of  the  Satellites  of  Satnm. 

MIMAS. 

ENCELADUS  Cost. 

DIONE  CoNT. 

h 

h 

b 

May    1 

9.9 

F.  u. 

w 

May  JO 

8.9 

P.   If. 

E 

May  11 

3.4    A.    H. 

E 

2 

8.5 

** 

w 

12 

5.8 

A.    H. 

E 

13 

9.0  P.  u. 

B 

3 

7.1 

i« 

w 

13 

2.7 

P.    M. 

E 

16 

2.7       " 

E 

4 

5.7 

tt 

w 

14 

11.5 

(1 

E 

19 

8.4    A.    M. 

E 

5 

4.3 

(1 

w 

16 

8.4 

A.    H. 

E 

- 

22 

2.0       " 

E 

6 

29 

" 

w 

17 

5.3 

P.    M. 

E 

24 

7.7  P.  M. 

E 

8 

12.9 

A.    Mi 

E 

19 

2.2 

A.    U. 

E 

27 

1.4       " 

E 

8 

11.5 

P.    U. 

E 

20 

11.1 

" 

E 

30 

7.1    A.    M. 

E 

9 

10.1 

" 

E 

21 

7.9 

P.    M. 

E 

RHEA. 

10 

8.8 

tt 

E 

23 

4.8 

A.    M. 

E 

11 

7.4 

" 

E 

24 

1.7 

P.    M. 

E 

Ma> 

■    4 

3.3  p.  u. 

E 

12 

6.0 

11 

E 

25 

10.6 

It 

E 

9 

3.6  A.  u. 

E 

13 

4.6 

'• 

E 

27 

7.5 

A.   U. 

E 

13 

4.0  p.  M. 

E 

14 

3.2 

It 

E 

28 

4.3 

P.    U. 

E 

18 

4.4  A.   u. 

E 

16 

1.2 

A.    U. 

W 

30 

1.2 

A.    U. 

E 

22 

4.8  p.  u. 

E 

16 

11.8 

P.    M. 

w 

31 

10.1 

A.    U. 

E 

27 

5.2  A.  If. 

E 

17 

10.4 

•( 

w 

TETHYS. 

31 

5.5   P.   M. 

E 

18 
19 
20 
21 

9.0 
7.6 
6.2 
4.8 

11 

w 
w 
w 
w 

May    1 
3 
5 
7 

9.4 
6.7 
4.0 
1,3 

P.    M. 

E 
E 
B 
E 

May 

■    2 

7 

11 

TITAN.    . 
11.9    p.  M. 

3.0    A.    M. 

5.2      " 

I 
W 

s 

22 
24 
24 
25 
26 
27 
.28 
29 

3.4 
1.4 
12.0 
10.6 
9.3 
7.9 
6.5 
5.1 

A.   U. 

midn. 

p.   M. 

tt 

t( 

w 

E 
B 
E 
E 

E 
E 
E 

9 

11 
13 
15 
16 

10.6 
7.9 
5.2 
2.5 

11.8 

A.    M. 
P.    U. 

E 
B 
B 
B 
B 

14 

18 
23 
27 
30 

11.8  p.  u. 
9.4      " 

12.3  A.  u. 
2.7      " 
9.3  I*,  u. 

E 

I 

W 

s 

E 

tt 

It 

18 
20 

9.1 
6.4 

E 
B 

May 

HYPERION. 
3    10.8  p.  M. 

W 

30 

3.7 

11 

E 

22 

3.7 

E 

8 

8.^    A.    If. 

s 

24 

1.0 

B 

13 

1.0    p.  H. 

E 

ENCELADUS. 

26 

10..t 

A.    U. 

E 

19 

8.7       " 

I 

Mav    2 
4 
5 

3.6 

12.5 

9.4 

P.    M. 
A.    M. 

E 
E 
E 

38       7.6       " 

30       4.9       " 

DIONE. 

E 
E 

25      3.4  A.  u. 

29    12.8  p.  M. 

lAPETUS. 

W 

s 

6 

6.3 

P.    M. 

E 

Mav     2 

10.3 

P.   M. 

E 

.\pr. 

27 

9.2   A.   U. 

I 

8 

3.1 

A.    U. 

E 

5 

4.0 

u 

E 

May 

17 

4.3       " 

w 

9 

12.0 

.M. 

E 

8 

9.7 

A.    M. 

E 

June 

6 

3,7       " 

s 

Maxima,  and  Minima  of  Variable  Stars. 
Maxiua  Mi.s'ima 


May      2 

3 

3 

4 

6 

7 

10 

11 

13 

17 

18 

lU 

91 

20 

21 

24 

27 

29 

31 

31 


R  TriangiiU 

Mav      1 

TUrsa;  Maj. 

S  Carini 

1 

T  Librie 

U  Monocerotis 

1 

RScuti 

R  Lyi-je 

3 

Y  Virginia 

U  Aurigfe 

10 

Tf  Geminorum 

V  Ophiuctii 

16 

S  Orionis 

V  Virginis 

18 

S  Leonis 

S  VirRinis 

18 

R  Camelopardi 

RTauri 

21 

WCygni 

U  Geminorum 

22 

VTauri 

S  Serpcntia 

22 

R  Serpent  is 

T  Pegasi 

22 

R  Sagitta 

S  Vulpecula; 

29 

RCeti 

S  Aquila; 

30 

U  Monocerotis 

T  Herculis 

T  Cassiopeia: 

R  .AurigK 

W  Tuari 

S  Hydra 

SPiscis  Auslrini 
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Minima  of  Variable  Stare  of  the  Algol  Type. 

[OlTcn  to  the  acareat  hoar  In  CeatraJ  Standard  Tliue.] 
CEPHEI.  S  ANTLI^E  CoNT.  U  OPHIUCHI  Cokt. 


Ma7    2 

2  A.M. 

4 

2  P.  If, 

7 

2  a.  H. 

9 

2  P.M. 

12 

2  A.  H, 

14 

2  P.M. 

17 

lA.U, 

19 

1  P.  H, 

22 

lA.U. 

24 

1  P.M. 

27 

lA.  U. 

29 

1  P.  u. 

R  CANIS 

MAJOR 

May    1 

3  A.  If. 

2 

6    " 

3 

10    " 

4 

1  p.  H. 

5 

4     " 

6 

7     " 

7 

11     " 

9 

2  A.  H, 

10 

5     •' 

11 

8     " 

12 

12      M. 

13 

3  P.  u. 

14 

6     " 

15 

9     " 

17 

1  A.  M, 

18 

4     " 

19 

7     " 

20 

10     " 

21 

2  P.  M. 

22 

5      " 

23 

8      " 

24 

11      " 

26 

3  A.  M 

27 

6     " 

May 


May 


5 

5a 

.  u. 

6 

5 

7 

4 

8 

3 

9 

3 

10 

2 

11 

1 

12 

1 

12 

12  mida. 

13 

Up 

■  u. 

14 

11 

15 

10 

16 

9 

17 

9 

18 

8 

19 

7 

20 

7 

21 

6 

22 

5 

23 

5 

24 

4 

25 

3 

26 

3 

27 

2 

28 

1 

29 

1 

30 

12 

M. 

31 

11  A 

.  H. 

S  LIBR^. 

3 

lA 

.11. 

5 

9 

■  1 

7 

5p 

.  M. 

10 

1  A 

.  U. 

12 

9 

(I 

14 

5p 

.  H. 

16 

12  midn. 

19 

8a 

.  U. 

21 

4p 

.  M. 

May 


May 


3 

6a.  u. 

4 

1    " 

4 

9  p.  11. 

6 

5     " 

6 

1     " 

7 

9  a.m. 

8 

6    " 

9 

3    " 

9 

10  P.  H. 

10 

6    " 

11 

2     '* 

12 

10  A.  K. 

13 

6    " 

14 

2     " 

14 

11  p.  M. 

15 

7     " 

16 

3     " 

17 

11  A.  H. 

18 

7     " 

19 

8     " 

19 

Up.  u. 

20 

7    " 

21 

4    " 

22 

12    u. 

23 

6  a.  li. 

24 

4     " 

24 

12  midn. 

25 

8  p.  M.' 

26 

4    " 

27 

12     H. 

28 

9  a.  m. 

29 

5     " 

30 

1     " 

30 

9  p.  M. 

31 

5     " 

Y  CYGNI. 

1 

12     M. 

2 

12  mtdn 
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Snr  Aatonid  1S94  AT,  A0,  AV,  AW,  AX,  AY  and  AZ.— ThcM  were  aU  diacoT- 
Qcd  photographicallj.  AX  a  the  brightcBt  that  haa  been  discoTcred  for  a  lotqf 
tnpc.  At  one  of  the  Earopean  obMrrntories,  howeTcr,  it  was  observed  Tisnally 
oa  the  night  of  Match  3,  and  foaad  to  be  not  brighter  than  9.5  or  9'6  magni- 
tade. 

b7  arMDwlch  U.  T.  R.  A.  DmL  HoUoo.     Hag. 

ISM-   AT  Charioia  Jan.     29  »  36  8  M  SS  + 19  24  -  48  +  2  12 

AO  Charloia  Jan.     20  9  26  8  54  12  -j- ^9  6S  —  48  + 3  IS 

AV  Conrty  Feb.    11  10  45  »  58  24  +  22  24  -  68  +  6  11 

AW  Wilson  Jan.     80  IS  22  3  41  2B  +  24  SO  +  38 -f  1  13 

AX  Wolf  Mar.     1  9  05  11  04  36  -f    6  59  -  76       0  8 

AY  Wolf  Mar.     1  9  05  11  14  00  +    4  08  -  48 +  8  12 

A2  Concty  Mar.     6  10  14  9  34  24  -j- 23  08  —  48  +  9  10 


ITew  Comet,  a  1894,  diacorered  by  Dennhig :— A  faint  comet  was  discovered  by 
Mr.  W.  P.  Denning  at  Briatol,  England,  on  the  night  of  March  26.  Ita  posi- 
tion was: 

March  26.396  Gr.  M.  T.;  R.  A.  9^  55"  00' ;  Dccl.  +32°  15'.  The  daily  motion 
of  the  comet  was  1"  south  following.  The  discovery  was  cabled  to  Mr.  John 
Ritchie,  Jr.,  of  Boston  and  by  him  telegraphed  to  the  different  observers  in  the 
United  States  on  March  28. 

The  comet  was  observed  at  Ooodsell  Observatory  on  the  night  of  March  28. 
It  was  very  small  and  faint  in  the  five-inch  finder  but  was  quite  conspicuous  and 
easily  observed  with  the  16-inch  telescope.  It  had  a  well  defined  nucleus  of  the 
11th  magnitude,  and  a  short  tail  about  2'  long  and  spreading  to  IV^'  width.  The 
nebulosity  about  the  nucleus  was  quite  dense  and  faded  rapidly  toward  the  end 
of  the  tail.  The  position  of  the  nucleus  was  determined  by  comparison  with  an 
eighth  magnitude  star  north  preceding  it,  resulting  as  follows: 

March  28.6552  Gr.  M.  T.  R.  A.  10"  03  01.58;  Decl.  +  30°  58' 02".0.  There 
are  not  sufficient  data  yet  at  hand  for  the  computation  of  an  orbit. 


NEWS  AND  NOTES. 


Experience  during  the  last  month  makes  it  very  necessary  to  remind  corres- 
pondents that  proper  names  should  be  written  very  plainly  to  avoid  mistakes  in 
our  mailing  lists.    This  is  esj^cially  true  in  regard  to  foreign  correspondents. 


Before  his  return  from  Germany,  Professor  George  E.  Hale  will  visit  Mt. 
Etna  to  make  experiments  in  photographing  the  corona  of  the  Sun-  He  plans 
to  reach  the  mountain  about  May  15.  Mr.  Hale'a  persistent  endeavors  to 
discover  some  way  to  photograph  the  corona  in  full  sunlight  will,  we  believe, 
be  rewarded  with  success  before  long. 


Considerable  useful  matter  intended  for  the  department  of  Astro-Phvsics  in 
this  number  has  been  unavoidably  delayed  beyond  the  time  of  publication.  No 
one  can  be  rightly  blamed  for  this,  for  every  reasonable  effort  by  those  in  charge 
of  this  department  was  put  forth  to  supply  the  matter  in  time  without  success. 


L^nteni  Shades  at  Goodsell  ObMnratory.— Sincf  compleHn;;  bis  roursc  o(  tpedal 
fltud;,  at  Gooclicll  ObflcivAtor;,  Mr-  A.  G.  Silvflalian  han  K>*<^t  Bot^c  atlcritioa 
to  tbc  maVinjj  of  lantern  alick-ji  or  the  [)faotogrn|i(ui  of  snittilde  ubjccts  iTtnde  nt 
this  ObMrvatory.  Three  consist  of  rirws  of  diiTercot  phases  of  the  Mooii,_^ 
Plciai^cs  showing  L-nriniuly  iutvrtwialiijj  nebulous  ma*s«K.  star  trails  about  tbe  i 
North  Pote  to  show  its  positions  photoeruphicully.  etar  dnstcrs.  ricws  from 
tiie  Milky  Way,  Whir1)>ool  Nebula,  minor  planrt  trnllii,  n  number  of  rirwi 
uf  the  (K'lrilnuie?)  conirl  ofjnly  loHt,  onlncj^cd  vivws  ot  Sun-apula  am)  faculnr, 
nittl  nuincn>att  other  ohjcvts  Nuitnbic  ftir  luutcm  projection,  either  fur  cln»i> 
[llustrntioii,  or  (or  popular  Icctutrt  'm  astronomy.  IVofeseor  William  A.  RoKere, 
of  CuUiy  (.'nivcrnty.  WRlerville.  Me.,  lias  ivocntly  secured  a  oumWr  of  these 
pictarca,  and  be  docs  us  the  cretlit  tu  speuk  very  faTOrably  of  tbrm. 


Piotesaor  Tnroer  in  the  SaviltaD  Chair  at  Oxford.— A  kind  noic  fmin  Professor 
C.  H.  McLcod,  of  McGill  University.  Montreal,  gave  us  first  notic«  under  date  of 
February  9.  of  tbc  coinplimcutary  dinner  which  wait  to  be  jeiveii  to  Profcwtor  H. 
H.  TuTTicr  February  14,  in  honor  of  his  appoititmoit  to  Buvcixd  the  late  Professor 
Prltchord  at  fhtfonl.  Tbe  dinner  rra»  jjitTn  by  tbr  staff  of  the  Koynl  Obserrn- 
'  tory,  Greenwich,  and  other  astrononiicnl  friends,  the  Royal  Astronomer,  Mr. 
Christie,  [iTrmding. 

Ttw  MaTfb  O^KTratorf  makca  the  following  note  of  the  occasion :  "A  coo- 
l^atiilntor>-  iliuticr  wn«  given  lo  ProfesMir  Tnmer  incele'irniion  of  Ms  election  to 
thuSavilian  Chair,  at  the  First  Avenue  Hotel,  on  Wednesday,  Fcbmary  1 4,  by 
the  members  of  the  01)9errrttory  staff  and  «vcrnl  nMtronomir.il  friends.  There 
were  present  besides  iIk  nbscrvatoi7  staff,  Messrs.  W.  Airy,  H.  W.  Dyson.  Dr.  A. 
A.  Common,  Meitsi*  E.  Ihinkin,  W.  Hlli*,  W.  C.  Johnwn.  G.  Knott,  W.  II.  Maw, 
G.  C.  I'ulslord,  Dr.  Spitla,  Messrs  B.  Walcrs  and  W.  II.  Wesley-  Letters  and 
iricKTums  of  cunKrntnlntion  and  uf  lenrvt  fur  innbilHy  tu  attend  were  reittl  from 
Capl.  Almcy.  Mr,  F.McClean.  Mr.  W.  E.  Plummcr.  I'rofrssor  McU-od,  of  Moi»-: 
Irrol.  and  Messrs  IMekenson  and  WiJniot  of  tlie  Commercial  Cable  eompany. 


Xr.  G.  E.  Lomadeo,  of  Mantrcol,  ban  in  the  Jonnary  number  of  tbe  Caaadoka 
Mttgmint  a  vcty  readable  article  on  Common  Tek»eopea  aod  Wiutt  tbey  will 
abow.  W*e  also  notice  with  pleasure  and  profit,  the  articles  tlial  John  A-  Cop- 
land has  ticen  pubUsbiiiK  in  t)K  Globe  uf  Toronto.  Tbey  are  fully  and  very  neatly 
illualratcd.  

A  Svarch  for  Comst  of  Holpies. — The  interest  that  seems  to  bovrr  around  tbe 
comet  t^f  iTulme»  led  me  to  indulge  in  a  thoruueb  search  for  it  during  tbe  opposi- 
tion just  past. 

During  llecember  and  January  t  vrne  ol»erving  a  star  with  the  Prime  Verti- 
cal iiutrumcnt,  that  came  in  Ibc  early  monting  boars,  and  I  utilized  tbe  time 
wtule  waiting  lor  tbe  stnr  In  tr:insit  in  making  a  iiearch  for  tlie  comet.  I  tutcd  the 
epbemerti  eumpuled  froni  tbc  elemetits  by  rrofcssor  Iloss,  as  published  ia  tbe 
Astroitoinkal  Jouraul,  until  those  computed  by  Mr.  Corrtj^an,  ond  which  liad 
been  corrected  for  pcrturlMtions,  appeared,  wbeii  I  adopted  tbc  latter. 

Itccogniitng  that  tbe  object  might  appear  in  the  form  of  an  asteroid,  each 
taifhl  before  conimencinK  tlic  »carvb.  I  platted  all  the  star*  within  a  radius  of  aO* 
of  the  comet  |)Jacc.  The  puMtiouK  1  coined  from  Argelrtndcr'»  chart,  and  tbca 
compared  tbat  with  thestcy.  tilling;  in  all  the  fainter  stars  that  eonid  be  seen  witb 
ottr  lU-incb  refractor.  The  following  night,  if  clear,  or  as  soon  afterwards  as 
poaahlc.  I  agam  examined  the  place  to  sec  if  any  star  was  missing. 


Tbe  lO-hich  »bouUI  sbuw  slan  a»  foiiit  ni  ibc  12th  mii)jn(tii(!e,  awl  ii)]ni)  each 

igbt  I  bavc  been  able   id  identify  nil  tbt:  stan.    Afier  plntliiif;  lUI  ttic  [ilaecs  I 

teiX   alMMrt     twn    det^vea   each   aide   of  the  cotoct   jAaet   and   alLlioui:li    I 

ae  upon  tlir«r  faint  ntbnlir.  t  was  able  to  ideatii;  tbcm  In  ulfitJng  cittalo;i;nn. 

irtbrmmcl  n  follnvHiif;  iU  prrclictcd  plACc  It  iit  too  fnint  for  n  lU-incb,  iitid  is 

iv>t  nshri^jnt  ns  tHc  t'ith  i}r  irtth  miixnitiidc. 

There  iii  mucli  in  tbe  [ihy&iciil  fiirm  nf  cotnrts  that  awMts  oar  ciirmst  ntlvn- 
■tion.  Tlic  proximity  of  i-ouwl  of  KiiIiucb  In  ihr  Barth  at  tbi8oi>poaitt<iM,  in  com-- 
[pnruon  with  the  rliatance  at  wbich  it  was  wbca  hist  uljwr\-rd.  Irnde  mc  to 
believe  thnt  we  are  very  deficient  in  our  Itnowlerfpc  of  what  condition  fornil 
wlwt  we  coll  tbe  briKhtiicss  of  a  eoinctnry  mom,  and  we  art  com|>clled  to  admit 
that  Its  brigbtoeM}  nt  u  certiiiu  distance  from  the  Sun  and  the  Earth  is  no  cribe* 
rtoo  of  what  it  will  be  when  it  SKni"  nmee»  at  that  point. 

In  tbe  first  of  January  ProfeBsor  Brown  and  I  oiaik  a  ecarcb  for  tbe  comet 
I  a  very  ckar  nik:bt  M*it1i   tbe  26-inch  rrfnictnr  and  n  nebula  of  at  Icnst  the 
|4th  mo^itaHc  would  not  hove  Rtcapcil  our  attention.         TiRORiiR  A.  Htix. 
Nftval  ObKmatory,  Woshinxlon,  [).  C.  Awt.  Aatnmoner. 

Jan.  29.  \><V*. 


QuadUc  OB  Ob>«rv«Uoiu  9(  Vtriable  Stan  at  HJinrard  College  (H>KrvatorT.— 
In  a  recent  number  of  tbe  Aatronomiache  Sacbrkbten  is  a  damaginit  artWlc  by 
fi.  C.  CliAndler  of  Cambridge,  \fniis.,  cinimtnff  thnt  to  some  extent  at  lean  tbe 
otxervntiiinii  uf  vnnabic  stars  at  Harvard  College  OI>9crvatrtrTr  are  not  tmat- 
Vonbv.  This  article  nrill  )ic  a  tiurprtac  l<>  aatronomcrB  ^nrrally.for  the  Harrnrd 
work  has  Itood  very  hiyh  everj'whcre.  In  this  };uarded  jinper  we  are  ftornr  to 
notice  some  tracu  of  the  former  ill-feelinj^  AK»>"!tt  tbe  director  of  the  Observa- 
tory. IhiubUess  Professor  Pickering  will  Imvc  sometbiog  to  say  in  answer  to 
tbece  charges  in  due  time. 


BsUer'a  Comet.— Pro AMsor  Glaaenapp  announces  that  tbe  computing  bureau 
<I  by  the  KuKMtun  Astronomical  Society  lias  nudertaken  the  calrabition 
•:  path  of  llnllej's  Comet  with  a  view  to  predicting  the  exact  date  of 
tiie  next  return.  He  bupes  tbnt  astronomers  m-iinninteil  with  unpubiisbed  oliKT- 
IVDODS  of  the  comet  will  commonicatt  the  information  to  tttc  Society. 


TTntroddui  Groaod  in  Aatrotutmy  and  GMlogy.— In  tbe  December  number  of 

Scita^t.  p^K^  341,  will  be  foucid  an  article  nndcr  the  title:  "The  gtactnl  pciiod 

iprored  as  a  necouBtrr  cunSdjueiKe  of  tbe  Rarlb'a  movements."     It  was  written 

I  by  J.  C.  Cowcll  of  Bir;{land,  and  is  a  review  of  GencrRi  Dmysoo'e  book  known 

iby  the  title:    "Untrodden  Ground  in  .Astronomy  and  Oeolocy."    We  have  not 

'■ten  this  book,  and  knowof  it  only  by  tbe  article  before  ns.    In  the  oiiening  para- 

fTspb  of  that  article  Mr.  Cowell  claims  than  GeaernI  Drnyson  hna  made  n  great 

diacorery  of  a  "second  rotation  of  the  Bnrtb  "  <as  be  calls  it)  which  snpplkft  oil 

the  conrlitione  nn-eniuiry  for  tbe  explanation  of  gladal  qiodis  at  regular  known 

intervals,  in  oil  past  or  future  geolottic  time. 

This  is  comforting  news  for  the  OHtronouier,  for  now  it  seems  oa  If  there 
were  some  chance  for  hira  to  agree  with  the  geologist  in  regnrd  to  the  datn,  bi 
time,  for  past  glniiation,  in  more  wny«  than  one.  The  astronomer  has  been 
Rincb  interested  in  late  changes  of  view  in  regard  to  the  length  of  iwst  geologic 
trtne.  Sir  Charles  Lycll  thought  the  ori^u  of  bfc  on  the  Earth  extended  back 
500,000,000  yearai  Charles  Darwin,  In  tbe  first  editioa  of  bis  Origin  of  Spc^m 


rMkoiirfl  a0fl.«62.-KH»  «nr»"n*n  tiwrc  trifle "  of  thnt  «t  command  fnr  estahlUh- 
iajl  Ilia  UiroTV  df  the  ori^^inuf  &|MxiA>  ttirougliaaturftlsclnztioti  G«i:>rf>cll.  LtnfM'iu, 
prufcmor  uf  nm LtMrmnt-ici  oi  Cainbritlgv  t.'nivimiitv,  Enj^liiiiil.liiiiita  ttic  ji^oluj^tit 
to  100,000,000.  while  Profc»Bore  Toit  aaC  Kcwcomb  haw  namH  am  probal 
10,000.000  or  12,000,000  yean.  Wallace  tbinkt  ihitt  28,000,000  yoin  f^^ 
time  enough  for  the  dopcwitc  of  geolct^caJ  BCrata:  ond  now  Prcstwich  iiimI' 
Wright  an  oaly  Asking  for  lOO.OOU  ycnn  n«  prohnbt.r  tinte  sufficient  in  include 
tlie  fluw  coming  oil  of  Llic  filiicial  period  and  ils  rapid  close,  and  tlint  2r>,oaO 
ytttru  in  )iui))le  tiuie  lo  allow  for  the  neij^n  of  the  xlucial  period.  Tha>c  vcfy 
marked  difluRPS  of  belief  of  eminent  men  of  Bcienee  during  tlte  liut  40  yvnn  are 
rtty  si^ificani. 

Bot  rjcneral  Draysuii  gets  liiaconcIiisionB  in  a  mni-h  rnsicr  way,  rtz.;  by  the 
L'nlletl  "Second  rotation  of  the  Ivnrth."  For  the  til nM ra tionn  thr  copy  of 
Si^icnix  referred  to  should  be  consulted.  We  would  not  linve  referred  to  this 
article  at  so  ){Te»(  length  if  we  ht*<l  not  received  Acreral  letters  cooccrtiinK  it  ask- 
ing (or  information  ou  certain  points  in  the  article.  We  reply  generallr  aod 
briefly. 

There  is  no  "  second  rotation  of  the  Earth  "  in  tbc  sense  indicated. 

Tlte  article  doca  not  show  nny  proofo  of  the  «n-rfillcd  "  necond  rotation." 

The  author  docs  not  at  all  seem  to  coni])n.-bctid  the  problemii  of  practical 
astronomy  or  the  real  nature  of  the  duia  sought  by  thcoi,  or  lu;  voold  aotexi^ect 
to  UK  simple  trigonometry  to  solve  them. 

In  the  re.inlut  gi\-cn  as  n  proof  of  hts  method  he  begs  the  question,  becnnse 
tesu  hid  rcsntts  by  tboAC  obtained  by  astronomical  metboda  whicb  he  coadeniss. 

Ajtrouomcni  very  well  know  that  the  prevent  nncertninty  of  knowledge  of 
the  mean  dietancv  of  the  Sun  is  aiKb  that  it  would  be  impossible  for  them  to  say 
certainly  just  what  the  eccentricity  of  the  Earth's  orbit  was  at  any  precipe  time 
in  the  remote  past  so  as  to  predict  fur  gtaciatiou.  Tbc  error  of  the  solar  pural 
laxalonc  mt};ht  makea  dilicrcnce  of  several  limcH 25,000 years,  and  the  nstronO'^ 
nirr  might  be  in  doubt  whether  to  say  polar  or  tropical  conditions  or  oeitber 
rcij<u  supreme. 

The  ChicsKO  Academr  of  Scieocm  Section  of  HaUiosuitics  and  Aitiooomy. 
Harcli  J.— The  rejniUtr  monthly  tneeting  wo*  held  at  the  Chicago  Mhcnarum; 
Professor  G.  W.  Uough,  President,  in  tl»e  Choir.  Dr.  T-J.J.  Sec  «ad  the  paper 
of  the  CYcning  on  "Gjiaia'  Method  af  Dctermmiag  Secular  PertuHimtiom,  vrith 
an  Application  to  the  action  of  Heptane  on  UranuM."  The  speaker  began  hy_ 
poiutins  out  tbc  di«tinction  between  perioJtcnl  and  secular  iiertnrbatiom,  mai 
then  sketched  briefly  the  work  of  the  great  mathematicians  on  the  scculf 
inequalities  of  the  planetary-  motions.  After  alluding  to  tlic  work  of  Lngranj 
ond  l^plncc,  which  depends  upon  analytical  developments  in  scries,  evjwndc 
according  ti>  tbc  powers  and  products  of  the  wrcentriciiies  and  inclinations  of  tbttl 
platKE  of  the  orbits,  the  speaker  came  to  the  method  of  Gauss,  which  waa  fint 
<lcT<topcd  in  a  memoir,  on  the  attniction  of  a  certain  fnhn  of  elliptical  ria^ , 
coimnmticatct]  to  the  Royal  Society  of  Sciencea  of  GOttlingen  in  tStft.  Since  the 
secular  pennrbations  depend  only  upon  the  mcnn  action  of  the  plaueta  firom  i 
to  age.  Gauss  couccived  the  idea  of  substituting  a  certain  form  of  elliptical  rin| 
for  the  moving  planet;  lite  determination  of  tlte  nt  traction  of  these  rings  involves 
tile  useof  cTliptic  integrals  of  the  first  and  second  kinds. 

TlKinass  of  the  plaset  is  imagined  to  be  distrllrated  around  the  orliit  in : 
a-^Kny-that  equal  itrcasdcacrtbed  by  tiicradiiuivector  will  include  equal 4iorti£ 
of  the  ptenet's  tnass.   The  oirthor  gare  the  principal  step  in  tbe  iavcsUgatioa  for 
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finHing  tfac  actioo  of  SQcb  elliptic  rings,  and  called  attention  to  the  high  impor- 
tance of  the  memoirs  of  Dr.  G.  W.  Hilt  and  M.  Callandreau,  which  not  only 
derdop  the  theory  of  Gauss'  method,  but  give  auxiliary  tables  for  facilitating 
its  namerical  application- 

Dr.  See  then  gave  the  results  of  his  computation  on  the  secular  perturhationi 
of  Uranns  depending  upon  the  action  of  Neptune,  and  showed  that  they  agreed 
very  well  with  Leverriers's  values  when  the  latter  arc  corrected  for  the  modem 
planetary  masses.  In  the  discussion  of  the  paper,  Professor  Hough  made  some 
interesting  remarks  on  the  history  of  the  discovery  of  Neptune;  Professor  Bnm- 
ham  and  Dr.  Crew  also  took  part.  In  reply  to  the  question  as  to  the  possibility 
of  discovering  a  trans-Neptunian  planet  by  means  of  its  x^erturbations,  Dr.  See 
stated  that  if  auch  a  planet  exists,  it  will  certainly  be  possible  to  detect  it  in  the 
course  of  time  by  means  of  the  resulting  irregularities  in  the  motions  of  Neptune 
and  Uranus.,   Adjourned.  T.  J.  J.  See,  Recorder, 


Astronomical  and  Physical  Society  of  Toronto,  Caoads.— Meeting  of  Feb.  19, 
1894;  Vice  president  John  A.  Paterson,  M.  A.,  presided. 

Professor  G.  E.  Hale  of  Chicago  was  elected  a  corresponding  member. 

Mr.  G.  G.  Albery  of  Meaford,  Out.,  wrote  that  the  Meaford  Astronomical  So- 
ciety had  been  formed. 

Dr.  Larratt  W-  Smith  sent  word  of  a  great  meteor  which  had  passed  over 
Nevada  and  California  on  Feb.  5. 

Mr.  G.  G.  Pursey,  librarian,  reported  receipt  of  numerous  publications.  A 
presentation  copy  of  J.  Ellard  Gore's  new  work,  "An  Astronomical  Gtossary," 
was  laid  on  the  table,  and  was  pronounced  valuable. 

A  large  group  of  interesting  sun-spots  was  referred  to  by  Messrs.  Andrew 
Blvins,  A,  F.  Miller  and  G.  G.  Pursey.  A  drawing  made  by  Mr.  Geo.  WilUngs 
was  handed  in. 

Papers  were  read  by  Messrs.  Elvins,  J.  M.  Collins,  Chant,  Gordon  Hull  and 
Thomas  Lindsay  on  '"  Dynamics,"  as  outlin(.-d  in  Mr.  Grant  Allen's  book  on  force 
and  energy. 

Meeting  of  Feb.  6 ;  Mr.  John  A.  Paterson,  M.  A.,  Vice-president,  presided. 

Miss  Annie  Gentle  was  elected  an  active  member. 

Letters  were  read  from  Sir  Robert  Hall,  F.  R.  S.,  Mr.  J.  Ellard  Gore,  F.  R.  A. 
S.,  Professor  W,  H.  Pickering  of  Arequipa,  Peru,  Dr.  Sanford  Fleming,  and 
others. 

Professor  Pickering  was  elected  a  corresponding  manber. 

The  society  approved  of  the  rc(>ort  that  tlic  Sir  Adam  Wilson  telescope  be  set 
up  at  No.  23  Walmer  road,  the  residence  of  Mr.  J.  A.  Paterson. 

Mr.  C.  P.  Sparlinj;  laid  upon  the  tabic  the  society's  fourth  annual  report.  It 
has  166  pages  and  contains  a  [)ortrait  of  Mr.  Andrew  Elvins. 

The  greater  part  of  the  meeting  was  devoted  to  reporting  and  discussing  ob- 
aervations  made  upon  the  Sun,  Mercury,  Venus,  Jupiter,  Saturn  and  a  scries  of 
earorce  observed  mostly  on  the  night  of  the  23rd  of  February.  The  more  active 
observers  were ;— Messrs.  Arthur  Harvey,  T.  Lindsay,  A,  Elvins,  G.  G.  Pursey,  J. 
K.  Collins,  S.  Hollingworth,  R.  Dewar,  J.  A.  Copland,  W.  B.  Musson,  Dr.  J.  C. 
Donaldson  of  Fergus,  John  Hollingworth  of  Beatrice,  Muskoka,  and  G.  E.  Lums- 
den. 

Ur.  Harvey  read  a  memorandum  on  the  size  and  frequency  of  sun-spots. 

•Dr.  Donaldson  of  Fergus  referred  to  a  serieft  of  difficult  double-star  obwrva- 
tSoH-lie  has  been  making,  with  a  view  to  preparing  a  list  of  test-objects  for  tele- 
scopes of  apertures  of  three  and  one-half  inches  and  less.       tohn  a.  Copland, 
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RESULTS  OF  AN  INVESTtOATJON  OF  THE  ABERRATION  AND  AT- 
MOSPHERIC REFRACTION  OP  LIGHT,  MADE  WITH  A  MODIFIED 
FORM  OFTHE  LOF.WY   PRISM   APPARATUS." 


ubiiroec  co-MSTock. 


In  December,  1S88,  the  coniniittee  having  charge  of  tlit  Wataon 
Fund  of  the  Xational  Academy  of  Sciences  plnced  at  ni.v  dispftsal 
the  suni  of  eight  hundred  dollai'g  in  aid  of  the  investigations 
vrhich  are  set  forth  in  this  paper,  and  1  desire  here  to  express  my 
sincere  thanks  for  this  aid,  without  which  the  prosecution  of  the 
restcnrch  would  have  been  seriously  impeded. 

The  obscr%-n lions  which  funjish  the  data  to  bediscnsscd  consist 
of  meajitirements  of  the  nnguhir  distance  separating  zodincal  stars 
which  arc  very  approximately  1  20\'  n)>Hrt  in  the  hcnvcns,  aud  the 
apjmratus  employed  for  this  purpose  \vn«  a  six-inch  equatorial  tel- 
escope by  A.  Clark  &  Sons,  provided  with  a  »y.«tcm  of  mirrors  no 
plnced  in  front  of  its  objective  that  images  of  the  stars  whose 
mutual  distance  was  to  be  meiLsured  were  simultaneously  pro- 
duced in  the  focal  plane  of  the  objective  at  a  distance  from  each 
other  sufficiently  small  to  admit  of  accurate  measurement  with  a 
fdar  micrometer.  It  has  been  shown  by  M.  Loewy  in  the  Comptcs 
Reaclus  that  the  angular  distance  between  the  stars  will  be  c<jual 
.to  this  distance  measured  with  the  micrometer  plus  twice  the 

jgle  Ijctween  the  reflecting  surfaces.    Since  this  angle  does  not 

Imit  of  very  precise  determination  the  ohser\'ing  program  pro- 
"posed  bv  M.  Loewy  is  a  purely  differential  one  in  which  the  angle 
between  the  mirrors  is  eliminated,  but  it  is  evident  that  if  imitead 
of  two  mirrors  three  or  any  greater  nnrabcr  be  employed,  and  be 
so  placed  as  to  make  approximately  equal  angles,  one  with  au- 
otlier.  the  mean  value  of  the  angles  formed  by  the  several  pairs  of 
mirrors  will  be  determined  by  purely  geometrical  considerations, 
e.  ff.,  in  tJie  case  of  three  mirrors  the  angle  will  be  Gd"^,  and  if  each 
pair  of  mirrors  be  employed  in  the  determination  of  the  micromc- 

*  Read  at  tbc  mectinf;  of  the  Nationnl  Acackmy  of  Scieiu.-n.  A|iril  17,  ISSi. 


tcr  dislHiice  the  absolute  angular  distance  between  the  stars  may 
be  obtained  intkpentlvnlly  of  the  adjustment  of  the  mirrors. 

IVaetically  no  uthcr  miniber  of  mirrors  than  three  can  he  era- 
ploved,  and  it  is  the  adoption  of  this  combination  that  has 
limited  my  observing  program  to  pairs  of  stars  VJO"^  apart.  The 
essential  diircrence  between  the  method  of  M.  Loewy  and  that 
here  adopted  is  the  elimination  of  the  angle  between  the  reflect- 
ing surfaces  by  means  of  the  geometrical  condition  above  con-, 
sidcred.iustead  of  by  taking  the  difference  between  measurements' 
of  dilTereat  pairs  of  stars  made  with  only  t^vo  mirrors.  A  conse- 
quence of  the  modification  is  that  I  have  been  able  to  determine 
absolute  distances  between  the  stars  and  to  utilize  the  same  ob- 
servatiotis  for  a  determination  of  both  aberration  and  refraction. 
The  observing  pro^rram  has  been  so  arranged  that  the  aberration 
results  arc  nearly  free  from  the  effect  of  iintletcrniint<I  error  in  the 
refraction  tables  and  the  concluded  corrections  to  the  tabular  re- 
fractions are  entirely  inde|>endent  of  the  alierration  constant. 

In  my  first  design  for  an  instrument  the  mirrors  were  the  sil- 
▼ered  faces  of  an  ctiuiangular  glass  prism  mounted  In  front  of  the 
<»bjective,  with  its  axis  at  right  angles  to  the  line  of  sight  of  the 
telescope,  Such  a  prism  was  constructed  for  nic  by  Mr.  Brasliear 
and  was  used  for  a  short  time,  but  the  effect  of  temperature 
changes  in  ilistorting  the  surfatcs  was  so  great  that  I  was  com- 
pelled to  abandon  it  as  wholly  unserviceable  and  to  substitute 
for  the  prism  three  plane  mirrors  of  rectangular  cross-sections 
wliich  were  so  mounted  in  a  metalUc  reel  that  each  reflecting  sur- 
face ]>nssed  through  the  axis  of  the  reel.  Tlieory  indicates  that 
when  this  cimdition  is  satisfied  any  small  distortion  of  the  reflect- 
ing surfaces  will  have  no  effect  upon  the  measured  distances  be- 
tween the  stars.  Nevertheless,  in  order  that  the  distortions  might 
be  made  as  small  as  possible  I  had  silvered  each  of  the  eighteen 
surfaces  possessed  by  the  three  pieces  of  glass,  although  only  one 
surface  on  each  piece  was  poliahetl.  By  direct  experiment  in  arti- 
ficially producing  cfTects  similar  to  those  which  would  result  from 
large  distortion  of  the  mirrors  I  have  ascertained  that  such  mag- 
nified distortion  does  not  sensibly  affect  the  measurements  made 
with  the  apparatus.  It  should  be  added  that  an  opaque  screen 
was  placed  between  the  mirrors  and  the  objective  and  along  a  di- 
ameter of  this  screen  three  circular  apertures  were  made  each  t^vo 
inches  in  diameter.  The  screen  was  so  placed  that  one  of  tbesei 
apertures  was  nicely  centered  l>elow  each  mirror,  thus  in  effect  re- 
solving the  six-inch  objective  of  the  telescope  into  three  two-inch 
objectives  each  of  which  corresponds  to  a  mirror.   The  purpose  of 


tbcM  screens  was  primnrily  to  insure  that  tlic  ajscs  of  the  several 
pencils  of  light  transmitted  from  the  mirrors  to  the  objective 
sltould  all  fall  upon  n  particular  diameter  of  the  objective  imli- 
catcfl  by  theory,  aiid  secoTt<larily  to  obtnin  round  images  of  the 
fitnrs.  The  optical  c|ualitics  of  the  conihjncrl  mirror  and  t\vo>tDch 
objective  niny  be  inferred  from  my  having  repeatedly  scenthecom- 
pouents  of  a  Piscium,  j=  3",  nicely  separated. 

The  theory  of  the  errors  of  the  apparatus  indicates  that  the 
efficct  of  ma]-adjustment  of  the  niirrois  may  he  represented  in 
term^A  of  four  instrumental  constants  whose  valnes  have  been 
determined  from  time  to  time  during  the  progress  of  the  observa- 
tions. No  one  of  thewe  constants  has  ever  had  nt  the  time  of 
ob»ervadon  a  value  so  f^reat  as  live  minutes  of  arc.  and  since 
only  their  »<]uarc5  and  products  affect  the  measured  distanccis  it 
is  apparent  that  the  instrumental  corrections  to  be  applied  arc 
extremely  minute  and  are  sufliciently  determined  by  even  rou^h 
values  of  ttie  constants.  Save  at  the  beginning  of  the  work. 
wbcn  the  theory  was  imperfectly  understood,  these  corrections 
Dcvcr  amount  to  so  much  as  0".l. 

The  mode  of  observing  with  the  apparatus  is  substantially  as 
follows:  The  telescope  is  directed  to  the  mi<ldlc  point  of  the  arc 
joining  a  pair  of  stars  about  fifteen  minutes  before  the  time  at 
which  the  stars  attain  equal  altittidcs,  and  the  reel  containing 
the  mirrors  is  rotated  into  such  a  position  that  images  of  the 
atars  areprodnced  in  the  ficb]  of  view  by  two  of  the  mirrors.e.  g., 
mirror  A  i)rod«cea  an  image  of  the  east  star,  and  mirror  JS  an 
image  of  the  west  star.  The  distjincc  Initween  the  images  of  the 
»tflrs  having  been  measured  with  the  micrometer,  the  reel  is 
rotated  so  as  to  produce  successively  the  following  positions  of 
the  mirrors,  the  niin'or  turned  toward  the  cast  being  always 
given  6n5t  AB.  BC,  CA,  AC,  CD.  BA.  The  distance  between  tlie 
_ images  of  the  stars  is  measured  in  each  of  these  positions,  care 
being  taken  to  so  arrange  the  [pointings  as  to  cltminatc  the 
tuicronieter  zero  and  to  produce  a  symmetrical  grouping  of  the 
tion«  about  the  instiiut  nt  which  the  stnr?  were  at  etiual 

Jcs.    The  rtftult  of  such  a  serica  of  from  six  to  eighteen 

micrometer  settings  is  called  an  observation  of  the  apparent  die- 
tanccs,  ^.  between  the  stars  composing  a  pair. 

U  the  refruction  ami  Jibcrratiou  are  known  this  apparent  dis- 
tance may  be  transformed  into  a  mean  distance  which  saTC  for 
tiK  ciVcct  of  parallax  and  proper  motion  of  the  stars  should  l)c 
the  same  at  all  times.  Any  error  in  the  assumed  mean  value  of 
the  refraction  will  make^the  absolute  value  of  this  mean  distance 


in  error,  while  a  periodic  variation  of  the  refraction  or  an  error 
in  the  adnpteil  aherration  constant  will  introduce  jwriodic  errors 
into  the  mean  distance.  The  investigation  of  the  alicrratiun  and 
of  periodic  variations  in  the  refraction  must  therefore  l>c  made 
together,  and  the  investigation  of  the  mean  amount  of  the  refrac- 
tion may  conveniently  be  separatwl  from  them. 

For  the  first  of  these  investigations  each  observation  furnishes 
an  eqnation  of  the  form, 

where 

J^  =  the  mean  angular  distance  between  the  stars. 
d  =  the  observet)  angutar  distance  between  the  stars. 
jr   =  the  correelion  to  Uie  adopted  observation  cnnstont. 
a,  ft  =cocflicients  of  an  annual  variation  of  the  refraction. 

The  numerical  coefficients  f,  A  and  B  have  the  following  values: 

/■= — 2  cos  /isin  (k  —  O). 

100/4=-/?,sin(3eO°.r)        100 B  =  —  R^ cos (300°  .  t) 

where 

A,  y9  =  cotirdinntes  of  the  middle  point  of  the  arc  ^. 

r  =  the  fraction  of  the  year  that  has  elapsed  at  any  date. 
R,  =  the  mean  effect  of  refraction  upon  J  at  the  lime  t. 

R^  varies  from  winter  to  summer  on  acconnt  of  the  change  in  the 
mean  temperature  of  the  air. 

The  materia]  available  for  a  discussion  of  the  aberration  con- 
sists of  755  observations  of  38  pairs  of  stars  which  arc  distri- 
buted with  a  rough  a|)j)roximation  to  unifonnity  throughout  the 
twenty-four  hours  of  right  ascension,  and  nearly  all  of  which  lie 
witliin  20°  of  the  eqnator.  But  before  proceeding  to  the  solution 
of  the  equations  furnished  by  these  olMcrvations  it  is  necessary 
to  consider  stnnc  sources  of  error  to  which  they  are  subject.  The 
absolute  term  of  the  equation,  j^,  may  for  the  present  be  conuid- 
ercd  as  the  direct-result  of  observation  corrected  for  an  assumed 
value  of  the  abertation,  plus  a  refraction  correction  computed 
from  the  Pulkowa  tables,  and  plus  a  reduction  to  1890.0  derived 
from  the  best  proper  motions  available.  These  latter  corrections 
are  all  small,  since  the  obs''I-^-ation8  extend  over  a  period  of  only 
two  years  but  the  effect  of  refraction  is  large,  amounting  on  the 
average  to  nearly  200"  for  each  observation.  This  correction 
therefore  retjuires  especial  attention,  and  in  its  computation  I 
have  taken  into  account  the  dilfcrcncc  in  the  force  of  gravity  at 


Palkowa  nnd  Madison, nnd  also  the  ditferencein  the  radii  ofimrv- 
atiirc  of  the  Enrth'*  surface  nt  the  two  places.  T  have  further  de- 
rived n  theoretical  expression  for  the  e6ect  of  humidiU'  upon  the 
refraction,  based  upon  laboratory  determinations  of  the  index  of 
refraction  of  aqueous  vapor  (Mascart,  Tizeau),  and  have  applied 
this  as  R  correction  to  the  computed  refractions.  A  comparison 
of  the  o1)9errntions  made  in  a  dry,  and  in  a  humid  atmosphere 
furnishes  the  following  mean  result: 


Humid  —  Dry  =  +  0".17  ±  0".08 
••    =  _  0".03  ±  0".0« 


Without  correction 
When  corrected 


thus  confirming  the  correction.  It  was  only  after  these  correc- 
tions hud  been  applied  that  I  learned  that  sntistantially  similar 
ones  bad  been  developed  b3*  Radau,  AurtJiles  de  F Ohservatoire  de 
Paris,  Memoirca,  19. 

I  have  discxissed  the  effect  of  iemi)eratiire  upon  the  apparatus 
employed  and  in  this  connection  have  determined  from  the  ob- 
servations the  coefficient  of  expansion  of  dry  air  under  constant 
pressure.    The  resulting  value 

m  =  0.003674  ±  0.000008 


diflcrs  from  Rejmault's  laboratory  determination  by  less  than 
half  its  own  probable  error,  but  is  appreciably  smaller  tlmn  the 
value  adopted  in  the  construction  of  the  Fulkowa  tables.  I  have 
therefore  united  with  the  temperature  correction  of  the  appara- 
tus, commonly  called  the  temperature  cuefbcient  of  the  micro- 
meter screw,  a  correction  to  reduce  the  computed  values  of  the 
refraction  to  whnt  thej-  would  have  been  had  the  y  factor  of  the 
tntiles  been  constructed  from  Regnnult's  value  of  m.  The  com- 
bined corrections  for  temperature  and  humiditv  in  no  case  exceed 

Of  the  Tx'JS  available  observations  about  one-fourth  part  were 
made  by  Mr.  A.  S.  Flint,  the  remainder  by  myself.nud  before  com- 
bining these  different  results  it  seemed  uecessarj*  to  determine  the 
amount  of  the  systematic  ditTercnce  between  the  obaeriiers.  The 
results  of  a  comparison  made  for  this  purpose  ore  containe*!  tn 
the  following  table  whose  argument.*/,  is  the  apparent  distance 
tn  minutes  of  arc  between  the  images  of  stars  seen  simultaneously 
in  the  field  of  view  of  the  telescope.  A  negative  value  of  d  indi- 
cates that  the  image  of  the  western  star  was  on  the  eastern  side 
of  the  field. 
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It  18  evident  from  the  column  C—  F  that  n  cnosiderahle  »ystcm- 
attc  error  aflect^  the  work  of  one  or  both  observers,  and  since  it 
appears  in  the  sernml  that  this  error  is  mainly  in  my  own  observ- 
ing, I  have  added  to  the  table  the  column  J  — F  derived  from  C  —  F 
by  applying  to  the  latter  my  personal  errors.  The  sequence  of 
signs  in  this  column  docs  not  indicate  any  appreciable  systematic 
error  affecting  the  observations  made  by  Mr,  Flint. 

To  determine  the  nature  of  the  errors  indicated  by  the  preced- 
ing tabic  1  have  compared  my  own  observations  with  the  com- 
puted values  of  J  derived  for  each  pair  of  stars  from  the  right 
ascensions  and  declinations  of  the  stars,  using  a  set  of  places 
derived  from  all  the  modem  catalogues  of  precision  supplemented 
by  an  extensive  series  of  determinations  of  right  ascension  made 
for  this  purpose  by  Mr.  Flint  with  the  meridian  circle  of  the 
Washburn  Observatorj-.  The  results  of  this  comparison  are 
contained  in  the  t'ollo wing  table  where  ^  denotes  such  a  computed 
distance.  The  quantities  d  and  C  have  the  same  meaning  as 
in  the  preceding  table : 

4  -  c  J'  —  C 


<1 

No.  of  Pairt. 

\V«Kl 

-7.0 

9 

10 

-1.8 

7 

10 

-0.3 

7 

10 

4-S.6 

6 

10 

+  3-^ 

7 

It 

The  sequence  shown  by  the  values  of  ^  —  C  could  be  in  great 
part  removed  by  altering  the  adopted  value  of  a  revolution  of 
the  micrometer  screw,  and  the  column  J'— C  exhibits  the  results 
which  would  l»e  obtained  were  this  value  diminished  by  0".07. 
But  against  tlie  intioduction  of  such  a  correction  there  is  to  be 
urged  that  it  offers  no  explanation  of  tlic  differences  C  —  F,  and 
that  the  adopted  vnlue  of  a  revolution  of  the  screw  depends  upon 
the  accordant  results  of  two  entirely  independent  methods  of 
determination.  /.  e., 

One  revolution  =  27".4l2  ±  O".O04  from  transits  of  stars. 
=  27  .412  ±  0  .004  from  the  meridian  circle 


which  render  tlit  presence  of  so  ^oss  an  error  as  0".07  exceed- 
inpty  improbable.  Neither  cati  the  differences  J  —  C  be  due  to  a 
progressive  error  in  the  micrometer  screw  which  causes  the  volne 
of  a  revolution  to  vary  with  the  distance  measured,  since  these 
errors  have  been  investigated  both  by  means  of  the  meridian  cir- 
cle and  by  the  measuring  enpnc  of  the  Transit  of  Venus  Commis- 
sion at  Washington.  Roth  of  thcne  methods  fumtsh  ven*  small 
and  accordant  results  which  have  been  duly  applied  to  the  obser- 
vations. 

A  possible  explanation  of  the  differences  may  be  found  in  the 
supposition  of  a  lixcd  habit  of  observing  on  the  part  of  C  by 
ivhich  the  micrometer  threads  are  not  placc-d  upon  the  centers  of 
the  star  images  but  are  set  a  little  farther  apart  than  Uie  images. 
Such  a  xKrsonal  error  may  easily  arise  from  tlie  necessity  experi- 
enced by  the  observer  of  turning  his  ntlcntion  rapidly  from  one 
star  to  the  other  in  estimating  the  coincidence  of  the  micrometer 
threads  with  the  images.  Such  a  habit  of  observing  would  give 
too  great  values  of  J  with  positive  d's,  and  too  small  values 
with  negative  d's;  but  it  appears  to  me  probable  that  with  in- 
creasing distances  the  errors  would  increase  more  rapidly  than  (i, 
and  I  have  therefore  chosen,  somewhat  arbitrarily,  to  represent 
these  errors  ns  functions  uf  the  square  of  d.  Prom  a  least  square 
solution  of  the  data  himished  by  thirty-eight  pairs  of  stars  1 
6nd  as  the  definitive  expression  fur  this  correction  when  d  is  ex- 
pressed in  ntinntes  of  arc 

V{tl)  =  ±  hd'       b  =0".0l73  ±  0".00l7 

The  legitimacy  of  this  correction  should  not  be  considered  as 
depending  upon  the  hypothesis  above  advanced  with  regard  to 
its  origin.  It  is  an  empirical  term  whose  justification  is  that  it 
brings  the  obser^'ations  by  C  into  agreement  with  the  computed 
distaiici's  iHjtwwn  the  stars,  iind  is  presumably  of  subjective  ori- 
gin because  the  observations  by  F  require  no  such  corrcciion.  I 
have  adopted  it  and  applied  it  to  all  of  my  awn  observations. 

All  of  the  corrections  above  considered  hn^nng  been  dniy  ap- 
plied the  observations  of  ejich  pair  of  stars  were  treated  by  the 
method  of  least  squares  and  a  set  of  normal  equations  formed 
for  each  pair,  These  several  groups  of  normal  C(|nalii)ns  contain 
thro:  unknown  quantities  which  are  common  to  all  of  them,  viz., 
the  corrcctioo,  x,  to  the  adopted  constant  of  aberration  and  the 
two  coefficients  a  and  fi  o(  a  sujiposcd  aTiniinl  tenn  in  the  refrac- 
tion. They  also  contain  a  term  which  is  jiectiliar  to  each  pair  of 
vtftTS,  the  correction  to  the  assumed  distance  between  the  stars. 


This  term  being  made  the  liret  in  the  elimination  tlic]sutntnutiou 
of  the  values  of  [6fc  .  11, [6c  .  I],  *  *  *  [c//i  .  1], etc.,  resulting  from 
the  several  sets  of  normal  equations  furnished  a  6nal  system  of 
normal  equations  containing  only  the  unknown  quantities  j,  a 
and  fi. 

I  have  made  thi-cc  such  solutions  of  the  data,  dithering  from 
Ciich  other  in  the  following  respects : 

A.  This  solution  adopts  the  refractions  of  the  Piilkowa  Tables 
and  assumes  that  the  correction  above  reprc8entcd;,by  ?♦((/)  is 
illusory,  and  that  the  observations  by  C  require  no  empirical  cor- 
rection. 

B.  This  solution  adopts  ff{d)  as  a  real  correction  and  applies 
to  the  Pulkowa  refractions  the  corrections  above  discussed. 

•  C.  The  same  as  B  except  thatin  formingthc  final  normal  equa- 
tions ever}'  pair  of  stars  for  which  [bh  .  1]  was  less  than  25 
was  rejected.  This  is  equivalent  to  rejecting  those  pairs  of  stars 
which  were  observed  under  unfavorable  conditions  foradetermin- 
ation  of  aberration,  the  coefficient  presenting  a  very  small  rnngc 
of  values.  The  pairs  of  stars  thus  rejected  were  introduced  into 
the  obscr\'inK  list  for  the  determination  of  the  absolute  amount 
of  there  fraction  and  the  conditions  determining  their  choice  were 
such  that  in  most  cases  they  present  large  values  ot  t/;  the 
observations  are  of  a  slightly  interior  degree  of  precision,  and  are 
much  more  affected  bv  anv  uncertaintv  in   the  empirical   term 

Since  I  prefer  the  results  of  solution  C.  I  give  the  normal  equa- 
tions resulting  from  it  alone,  but  I  give  the  resulting  values  of  the 
unknown  quantities  from  each  sohition. 

NoRMAi.  Equations  for  tjir  Abrrratiox. 

+  952.28j  —  133.Hl«— 119.99/^—    3.01  =  0 

—  1S3.81A'  +  K++.tl2«  —  ■H4.ii2/f  -t-  +5.09  =  0 

—  119.90X  —  4l4.62/r  +  671.59^  —  20.3L  =  0 

The  values  of  the  unknown  quantities  furnisherl  by  the  severnl 
solutions,  toj<;i.-ther  with  their  probable  errors  and  the  probable 
error  of  a  sinjrle  observation  are  as  follows: 

Const-  Ah  a  fi  n 


SulnlvmA.     33.430  t  0010 
11  «l.i|  ^    ,otn 

C  .413  t     .010 


-t)oia  ±o.oti    +0.075  t  o.oid   X  03a 

—  .015=     .013     —     .mot     .OIB     s     .32 

—  .05S  X     .lHa     —     JMH  -     .018      t     -30 


The  difference  between  the  values  of  the  aberration  furnished  by 
solutions^  and  C  is  due  almost  entirely  to  the  introduction  of 
the  empirical  correction  <piti}  and  does  not  arise  from  the  correc- 


George  C.  Comstock.                                  337 
1 


tions  applied  to  the  refraction.  It  may  be  noted  as  a  singular 
coincidence  that  the  effect  of  tpid)  is  to  transform  a  value  of  the 
aberration  in  close  agreement  with  that  of  Nyr^n  into  one  which 
agrees  even  more  closely  with  that  of  Struve. 

The  effect  of  the  correction  to  the  refractions  is  shown  in  the 
quantities  a  and  p  whose  character  is  completely  changed  by  its 
introduction.  These  quantities  were  introduced  into  the  equa- 
tions as  the  representatives  of  an  assumed  annual  variation  of 
the  refraction  not  taken  into  account  by  the  tables.  Their  sig- 
nificance is  most  conveniently  shown  by  transforming  them  into 
the  equation 

R  =  i?„{  1  —  0.00058  sin  (360°  .  r  -h  8°)  ^ 

where  J?  denotes  the  actual,  and  R^  the  tabular  value  of  the  mean 
refraction  at  a  date  expressed  by  r,  the  elapsed  fraction  of  the 
year.    The  probable  error  of  the  numerical  coefficient  is 

±  0.00013. 

It  appears' from  this  equation  that  the  refraction  in  the  spring  is 
less,  and  in  the  autumn  greater  than  its  mean  value  by  about 
one-twentieth  of  one  per  cent. 

Since  the  form  of  the  equations  is  such  that  a  and  /3  are  neces- 
sarily assigned  real  and  finite  values  by  the  solution,  the  very 
small  variation  in  the  refraction  indicated  by  the  coefficient  of  R^ 
may  be  considered  to  have  no  real  existence  and  to  be  produced 
by  the  unavoidable  errors  of  observation,  although  the  small 
value  of  the  probable  error  does  not  support  this  view.  If,  never- 
theless, this  supposition  be  adopted  and  the  values  of  a  and  fi  in 
the  expression  for  the  aberration  be  put  equal  to  zero,  we  shall  ob- 
tain for  the  value  of  the  constant  20".4-52  ±  0".010.  It  appears 
to  me  better  to  retain  the  values  of  a  and  0  furnished  by  the 
equations  since  they  represent  not  only  the  efiect  of  a  variable 
term  in  the  refraction  but  also  the  combined  influence  of  all  terms 
whose  effect  upon  the  observations  varies  with  the  seasons. 
Whatever  physical  interpretation  is  placed  upon  the  quantities  it 
is  apparent  that  the  I*ulkowa  tables  represent  the  seasonal  vari- 
ation of  the  refraction  with  surprising  accuracy. 

I  adopt  as  the  definitive  result  of  this  part  of  the  investigation 

Constant  of  Aberration  ~  20".443  ±  0".0106. 

The  probable  error  includes  the  effect  of  uncertainty  in  the  value 
of  a  revolution  of  the  micrometer  screw. 

Definitive  values  having  been  found  for  the  quantities  thus  far 
considered  it  becomes  possible  to  derive  from  the  observations  of 
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eiicli  pair  of  stars  the  angular  distance  iKtvveen  iU  components, 
and  a  comparison  of  iliis  measured  di&taiice  wilb  tliat  computed 
from  the  coordinates  of  the  stars  may  be  used  to  determine  a  cor- 
rection to  the  absolute  amount  of  the  tabular  rcffaction.  It 
should  be  uotcd  that  8ince  the  observing'  program  contained  only 
e<iuatorial  stars  the  computed  distances  wilt  depend  mainly  upon 
the  rlgtii  ascensions  and  will  be  but  little  affected  by  small  errors 
in  the  adopted  declinations. 

The  results  of  such  a  comparison  are  exhibiteil  iu  the  following 
table,  in  which  there  are  united  into  mean  values  the  individual 
results  derived  from  all  those  pairs  of  stars  the  middle  points  of 
whose  joining  arcs  fall  within  convenient  limits  of  right  ascen- 
sion. The  adopted  coordinates  oi  the  stars  were  referred  to  the 
system  of  the  Berliner  Jabrbuch  which  is  substantially  the  same 
as  that  of  the  American  Ephemeris.  I  have  included  in  the  table 
columns  showing  the  di^erences  between  the  computed  and  ob- 
ser\-ed  distances  which  would  have  been  obtained  had  the  righl 
ascensions  of  the  stars  been  reduced  to  the  respective  systems 
the  NauticuJ  Afmaaac  and  the  Coaaaissaace  des  Temps  of  the 
year  1883. 

COMPABISOS,  C— O,  WITH  THE   EPHJiUERIJ>E8. 

f,T. 


MnlK  or  R  A. 

^o.  or  Kaln. 

H.  J.;  A.B. 

X.  A. 

h       b 

" 

1.1...  3.Z 

3 

+   1.03 

+  a.«3 

5.5..    6-4 

+  0.33 

+  0.80 

71...  7-S 
8.4...  9.3 

-t-0.70 

+  0.8J 

-LO.II 

-fo.afi 

9.9...11.1 

—   O.JO 

-  0.16 

12-9...13S 

-f  o.oS 

+  0.18 

IJ.0...1S.0 

+  0-43 

-  0.37 

1 7.5. ..18.6 

+  0,» 

-  1.08 

1 8.8...  19.6 

—  0.11 

—  i.ii 

30.4..JI.3 

-f  0.06 

-U-4S 

31.6.. ^3^ 

+  0.48 

■4-  o^4 

M.7..-SJ-5 

3 

4.0.08 

+  "SS 

The  diflfcrenccs  between  the  values  of  C  —  O  whicli  stand  on  the 
inie  line  of  the  table  are  due  solely  to  the  differences  between  the 
ahenicrides.  and  the  very  considerable  values  which  they  attain 
illustriite  the  uncertainty  affecting  the  computed  length  of  any 
long  arc  in  the  heavens,  even  when  derix-ed  from  the  coordinates 
of  fundamental  stars.  The  comparisons  with  the  i^autical  Al- 
itiauac  and  CoanaJsatux  des  Temps  show  unmistakably  a  periodic 
variation  of  C — O  depending  upon  the  right  ascension  and  hav- 
ing a  period  of  twcoty-four  hours.  The  Berliner  Jabrbuch  and 
American  Ephemeris  scera  to  be  nearly  free  from  error  of  this 
kind,  although  there  is  some  indication  of  it.    It  does  not  appear 
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that  tlijs  variation  In  thc-valuca  of  C  —  O  can  be  attributed  to 
the  obsa-vations  since  the  method  of  diwiission  is  such  that  very 
Icnn  having  a  period  of  twenty-four  lionrs  must  have  been  elim- 
inated through  the  introduction  of  the  conHtants  a  and  fi. 

To  determine  the  mean  value  of  C —  O,  ]  have  made  a  gmpliKJil 
adjustment  of  the  numbers  in  the  third  column  of  the  tatde,  and 
from  the  thirty-eight  residuals  furnished  byconiparing  tJie  adjust- 
ed values  with  the  values  of  C  —  O  furnished  directly  by  the  obser- 
rntions,  I  find  for  the  probable  error  of  a  Kingle  C  —  O,  ±  0".33, 
and  for  the  probable  error  of  a  single  right  nseension  used  in  the 
computation  of  the  distances, ±  O'.OIfl.  According  to  the  diacus- 
sion  by  iJr.  Auwera  (Astr.  Sucbr.  No.  2714)  the  probable  error 
of  aright  ascension  of  the  best  determined  Hnnpstcmc  of  the  Ber- 
liner J  nhrbucb  IB,  for  the  epoch  1891,  —  0\014,  i.  e.,  the  average 
right  nscensiun  employed  in  the  above  discussion  has  approx- 
imately the  same  degree  of  precision  as  that  of  the  best  determ- 
incd  fundamctital  stars,  tt  also  appears  thatu  single  observation 
with  the  apparatus  employed  will  furnish  a  better  determination 
of  the  distance  )>etween  two  fundamental  ittars  than  can  be  ub< 
tained  from  the  best  coordinates  available  at  the  present  time^ 

The  adoptctl  mean  vahic  of  C  —  O  is  +  0".36  ±-  0".05,  indicat- 
ing that  the  tabular  refractions  mnst  be  increased  in  order  to  sat- 
isfy the  observations.  Since  this  vithic  dqiends  u]h>u  the  adopted 
coordinates  of  the  stars,  and  may  be  supposed  to  be  alTected 
with  some  residual  criYjr  from  this  source,  it  srcms  profwr  to 
show  tluit  a  correction  to  the  refraction  may  be  derived  which 
shall  be  entirely  inde|)cndcnt  of  the  adopted  right  ascensions. 
The  ohBer\'ing  program  contained  six  triplets  of  stars,  each  of 
which  consistetl  of  three  stars  within  five  degrees  of  the  e(|uator, 
each  star  of  a  triplet  ditfering  in  right  ascension  from  each  of  the 
others  by  approximately  eight  hoars.  The  three  ares  joining  the 
fltani  of  a  triplet,  taken  in  pairs  are  each  very  opproxinmtely 
120°  in  length,  and  their  sum  when  projected  upon  the  equator 
must  he  exactly  3G0-'.  The  refraction  is  to  he  determined  from 
the  condition  th:i,t  the  «ium  of  the  projectc<I  arcs  of  each  triplet, 
1  e,,  the  measured  circumference  of  the  heavens,  shall  equal  360**. 

The  itulividual  vnhies  of  C  —  O  funttshed  by  the  several  triplets, 
together  with  ilieir  weight  nre  as  follows: 

Triivlct.  A  it  C  U  E  P 

c-0   -(-o"^8   -1-0". *o   -i-tr'.a7   +{K'.n   -t-(rji«   -t-VMr 

WctKlit  5  5  3  3  4  6 

The  weighted  mean  of  the  several  results  is  +0".31,  and  tlw 


close  Hgreenient  cf  tliis  value  with  that  above  found  from  the 
adopted  right  ascensions  indicates  thnlthe  residual  error  aflect- 
ing  the  latter  is  well  eliminuted  from  their  mean.  I  ndopt  as  the 
definitive  value  of  C  —  O,  -f-  0".34.  ±  l)".Ol.  Since  the  average 
value  of  the  refraction  for  all  the  observations  is  1[»G".0  it  ap- 
pears  that  the  retraction  with  which  the  observatioos  were  re- 

0  34 

duecd  must  be  multiplied  bythe  factor,  1  +  rog    =  1.00173,  or 

to  log  «,  which  in  the  Pulkowa  tables  is  colled  t*,  there  raust  be 
added.  0.0007S  ±  0.00005. 

If  we  combine  the  several  corrections  derived  for  the  Fulkowa 
refraction  tables  and  represent  their  effect  as  a  correction  to  the 
mean  refraction  it  may  be  put  in  the  form 

J  log  ff  =  J/i  =  +  0.00075  —  0.0000-.6fc 

where  //  is  the  mean  value,  in  millimeters,  of  the  Hi|ueou9  vapor 
tension  during  dear  weather  at  Pulkowa.  1  have  no  adc(|uate 
data  from  which  to  derive  a  vnhie  of  b.  Its  mean  value  fur  Mad- 
ison is  6.6  and  it  seems  probable  that  n  somewhat  greater  value 
should  l>c  assigned  for  Pulkowa,  but  probably  not  so  great  as 
10mm.  Any  value  of  6  within  these  limits  will  furnisli  as  a  cor- 
rection to  the  mean  refractions  a  tpiaiitity  less  than  ^  0.00028 
which  according  to  the  daia  contained  in  Obs.  Poulk.  Vol.  5,  is 
the  probable  error  of  the  constant  of  the  tables.  The  result  of 
the  investigation  is  therefore  that  the  actual  eri'or  of  the  Ful- 
kowa mean  refractions  is  less  than  the  pro)>able  error  assigned 
by  the  ilata  from  which  they  were  constructed. 

The  comparison  with  Bessel's  refractions  {Tab.  Reg:)  is  much 
less  satisfactory.  The  temperature  factors  of  this  table,  >',  are 
considerably  in  error  and  the  mean  refraction  requires  a  correc- 
tion represented  by 

^  log  *  =  —  0.000G3  —  0.00007,  Qb 

Assuming  the  mean  acjucuus  vapor  tension  to  be  8ram  the  above 
correction  is  equivalent  to  multiplying  the  refractions  by  the  fac- 
tor 0.99715,  agreeing  approximately  with  the  factor  0.9959 
found  by  Nobile  fromcorrcspondingobscrvations  atCapodiniontc 
and  Cordoba,  and  with  the  fnctor  0.99S8  adopted  by  Stone  at 
the  Cape  of  Good  Hope.  It  is  however  doubtftd  if  the  delects  of 
Bessel's  table  can  l)e  curctl  by  the  use  of  any  constant  multiplier. 

I  cannot  conclude  this  paper  witbouttouching  upon  one  further 
conclusion towhichthcseinvestigationshave  led  me.  Theso-c^Uled 
anomalous  refractions  which  have  been  made  to  serveastheexplan- 
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ation  of  so  many  discordances  in  observations  of  zenith  distances 
may  be  greatly  reduced  in  magnitude  by  a  more  careful  determin- 
ation of  the  temperature  at  the  objective  of  the  telescope  and  by 
taking  into  account  the  barometric  and  thermometric  gradients, 
1.  e.  the  inclination  to  the  Earth's  surface  of  the  strata  of  homogen- 
eous air.  From  a  discussion  of  the  observations  with  the  Pul- 
kowa  vertical  circle,  which  are  doubtless  the  moat  accurate  zenith 
distances  ever  measured,  Gylden  finds  as  the  probable  accidental 
error  of  a  computed  refraction, R,^  0.0015  R,  which  corresponds 
exactly  in  amount  to  the  probable  error  of  a  single  observation 
in  the  present  series.  Since  a  considerable  part  of  the  latter  pro- 
bable error  must  arise  from  instrumental  and  personal  sources  it 
appears  that  the  attainable  precision  of  the  refractions  has  been 
underestimated  and  that  errors  chargeable  to  other  sources 
have  been  attributed  to  fortuitous  irregularities  in  the  refraction. 
Since  the  eflfect  of  refraction  upon  the  angular  distance  between 
two  stars  is  nearly  independent  of  their  zenith  distance,  the  effect 
of  inclination  of  the  strata  of  homogeneous  air  to  the  plane  of  the 
horizon  is  completely  eliminated  from  the  present  series  of  observ- 
ations. It  is  in  large  part  due  to  this  circumstance  that  the  pre- 
cision of  the  observations,  r=  ±  0".30  at  a  zenith  distance  of 
68°,  exceeds  what  has  hitherto  been  attained. 


ON  THE  DIAMETERS  OF  CERES,  PALLAS  AND  VESTA. 
E.  B.   BARXARIX 

Our  great  telescope  would  seem  eminently  suited  for  a  micro- 
metrical  determination  of  the  diameters  of  those  of  the  minor 
planets  that  have  sensible  discs. 

In  examining  the  brighter  asteroids  I  found  them  to  be  readily 
measureable  with  the  large  telescope,  and  that  their  diameters 
can  be  obtained  with  a  reasonable  amount  of  accuracy.  I  have, 
therefore,  undertaken  the  work  of  measuring  a  few  of  these 
bodies  with  the  36-inch. 

Various  attempts  have  been  made  previously  to  determine 
their  diameters  niicrometrically  with  smaller  instruments.  These 
results  are  very  discordant. 

They  have  also  been  observed  photometrically,  but  this  method, 
it  seems  to  me,  is  one  of  considerable  uncertainty  as  it  rests  upon 
the  assumption  that  their  reflective  surfaces  are  the  same  as  that 
of  some  particular  standard  with  which  tliey  are  compared. 
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Such  an  assumption  is  rather  risky  and  the  results  can  only  be 
very  approximate  at  best. 

I  have  so  far  succeeded  in  getting  direct  measures  of  Ceres,  Pal- 
las and  Vesta,  and  I  hope  to  continue  the  work  as  it  is  one  of 
considerable  importance. 

As  I  have  satd,  the  previous  measures  of  these  bodies  are  very, 
discordant,  and  were  evidently  made  with  instruments  too  small 
to  deal  with  the  subject.  A  collection  of  these  measures,  up  to 
1881,  can  be  found  in  the  Vade-Mecum  of  Honzeau. 

I  will  copy  here  these  values  as  there  given  for  the  four  brighter 
asteroids. 

Ceres  (1) 

1802  \V.  Herachel  measured  diameter  0".127 

1805  Schroeter  "  "  1   .259 

1839  GaJle  "  "  0  .32 

1866  Knott  .  "  "  0  .510 


Pallas  (2) 


1805    Scbroeter  measured  diameter  1".626 

1807    W.  Herschel      "  "  0   .09 

1837    Laraont  "  "  0  .26 


Juno  (3). 

1805    Schroeter  measured  diameter 


1".144 


Vesta  (4). 


1816  Schroeter  measured  diameter 

1847  Madler 

1855  Secchi  " 

1881  Tacchini 


0".313 
0  .272 
0  .428 
0  .830 
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Ceres  (1)  diameter,    196  miles 
Pallas  (2)  "  171      " 

Juno    (3)  "  124     •' 

Vesta  (4)  "  214      " 

It  will  be  seen  that  in  both  these  tables,  Vesta  comes  out  the 
lai-gest  of  the  asteroids. 

In  connection  with  the  above,  I  have  thought  it  might  be  inter- 
esting to  give  my  own  measures,  so  far  obtained,  of  the  diameters 
of  Ceres,  Pallas  and  Vesta.  I  have  not  yet  secured  any  meas- 
ures of  Juno,  but  vrill  as  soon  as  it  is  in  favorable  position. 


Ceres.  Pallas.  Vesta. 

The  measures  have  been  made  with  the  36-inch  equatorial,  aod 
uniformly  with  1,000  diameters.  The  details  of  the  observations 
are  reserved  for  a  later  and  more  complete  paper. 

Filar  Micrometer  Measures  of  the  Diameters  of  Ceres, 
Pallas  and  Vesta,  made  with  the  36-i.\ch  Ejjuatorial. 

Ceres  (1). 

Di.iiiietcr  1".330  ±  0".Ofi+ at  distance  unity. 
Diameter       590  ±  20  miles  (3  nights'  measures). 

Pallas  (2). 

Diameter  0",60.'"i  ±  0".02C.  at  distance  unity. 
Diameter       273  ±  12  miles  (4  nights'  measures). 

Vesta  (4). 

Diameter  0".527  ±  0".()33  .it  ilistance  unity. 
Diameter       237  ±  15  miles  (3  nights'  measures). 

During  these  measures  it  was  readily'  apparent  that,  though 
Pallas  and  Vesta  were  nearer  than  Ceres,  the  latter  was  notice- 
ably twice  as  large  as  either  of  them.  It  will  be  seen  that  the 
measuces  also  show  this,  thus  proving  that  Vesta  is  certainly 
not  the  largest  of  the  asteroids,  and  placing  Ceres  at  the  head  of 
the  list.* 


"  An  inspection  of  Juno,  witliout  measures,  showa  it  to  be  about  comparable 
with  Pallas  and  Vesta  in  size. 


These  three  are  uppurcntly  round  and  niiifonn  m  their  light. 
Pallos  is  yellowish,  Vesta  slightly  yellowish,  while  Ceres  is 
whitish.  There  was  nothing  in  the  iippearance  of  their  discs  tu 
sajigest  any  specially  extensive  or  dense  atmosphere; 

The  diagram  on  the  preceding  page  is  intendctl  to  show  at  a 
glance  the  relative  sizes  ol  Ceres.  I'allas  and  Vesta,  from  my 
measarcs. 

Mt.  Hamilton,  1894,  March  26. 


THE   PERSEID  RADIANT.* 


W.  H.  S.  MONCK. 


Mr.  IX'nning  in  his  article  on  the  Perseid  Radiant  in  Popular 
Astrt>numy  for  February  reiterates  his  statement  that  the  Perseid 
Radiant  shifts  its  position  from  night  to  night  moving  eastward 
(witn  a  slightly  increasing  declination)  at  the  rate  of  a  little  over 
1"  each  night  from  the  19th  of  July  to  the  17th  of  August.  The 
duration  he  thinks  may  possibly  be  longer  but  the  observations 
nrt  rather  too  scanty  to  warrant  that  conclusion. 

So  far  as  I  have  Ixren  able  to  ascertain  this  shifting  of  the  ra- 
diant is  only  established  by  selecting  from  among  the  meteors 
which  come  from  Cassiopeia  or  Perseus  at  this  ])enod  a  certain 
number  whici:  fulfil  the  Bllegeii  law  to  which  the  name  of  Per- 
seids  is  applied  and  rejecting  as  not  genuine  Fcrscids  the  meteors 
which  do  not  fullil  the  law.  This  will  I  think  appear  from  an 
examination  of  Mr.  Denning's  great  Catalogue  (the  most  valu- 
able that  we  at  pi^acnt  possess)  in  the  Xionthlv  Notices  of  the 
R.  A.  S.  for  May  1890. 

His  initial  position  is  at  19" -f- HI"  on  the  IDth  of  July.  He 
observed  the  radiant  but  once  and  then  deduced  it  from  4meteors 
only.  He  does  not  appear  to  have  observed  any  meteors  from 
the  shifting  radiant  on  the  20tli  or  21st  bnt  on  the  22d  and 
again  on  the  23rd  he  observed  meteors  coming  from  25°  -|-  o'2°. 
It  is  then  lost  sight  of  until  the  27th  when  he  finds  it  atSg*'  +54° 
and  on  the  same  day  he  also  obtained  a  radiant  at  32^  +  53^; 
on  the  28th  his  determinations  in  different  years  gave  27"  +  55'^, 
30  +  55**  and  (twice)  32^*  +  53",  after  which  he  obtained  meteors 
pretty  nearly  in  accord  with  his  shifting  radiant  up  to  the  end  of 
the  maximum  on  August  12  if  not  later.  But  these  meteors  did 
not  stand  alone.  On  the  20th  of  July  he  obtained  meteors  from 
21°  -(-  57°.  These  might  be  referred  to  the  shifting  radiant  if  we 
•  Communicated  by  the  author. 
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suppose  an  error  of  some  degrees  in  the  declination ;  but  meteors 
from  the  same  point  were  observed  on  July  28,  July  29  airtl  Aug. 
1.  Again  the  radiant  at  32^  H~  53'^  gave  meteors  not  only  on  the 
27th  and  28th  of  July  but  on  the  30th  and  31st  and  on  the  first 
of  August,  and  if  we  identify  it  with  a  radiant  at  31°  +  54V2° 
observed  on  the  29th  of  July  we  seem  to  have  six  days  of  contin- 
uous activity  for  this  radiant  without  any  change  of  position. 
The  radiant  at  21°  +  57°  on  July  20th  seems  to  turn  up  again  at 
20°  +  58°  on  the  2d  and  4th  of  August.  1S°  +  63  is  another 
favorite  radiant  for  meteors  during  this  period.  It  was  active  on 
July  19,  20,  21,  33  and  24,  and  is  no  doubt  identical  with  a  ra- 
diant observed  at  20°  +  65'^  on  July  22;  and  after  some  tolerably 
near  approaches  it  is  again  found  active  on  August  7  and  12. 
Even  as  regards  the  main  Pcrseid  radiant,  Mr.  Denning  observed 
meteorsfrom43°-|-  58^  on  July  27,28,29  and  31  from  42°  +57° 
on  Aug.  5,  41°  +  58°  on  August  7  and  40°  +  59°  on  August  20 
and  21.  {I  have  used  the  column  "  Other  Nights  of  Observation  " 
as  well  as  the  principal  column  in  making  out  these  details).  All 
these  meteors  possess  the  same  swift,  streaky  character. 

I  therefore  conclude,  1st,  that  the  shifting  radiant  has  not  been 
observed  at  every  point  of  its  sui)j)osed  career,  but  that  its  posi- 
tion on  several  days  has  been  obtained  by  interpolation.  This  is 
a  legitimate  process  after  the  shifting  has  been  proval  but  not 
till  then.  2iid,  the  starting  position  is  dcthiced  from  a  ver^'  few 
meteors  and  I  may  make  the  same  remark  as  to  tlie  fmal  posi- 
tion, 3rd,  several  points  (m  (or  nearly  on)  tlie  track  of  Mr.  Den- 
ning's  shifting  radiant  i)ro(luce  meteors  both  before  and  after  this 
shifting  nidiant  is  supi)nsed  to  pass  over  them — this  being  spec- 
ially true  of  the  principal  radiant  and  of  another  radiant  situated 
at  about  32°  4- 53'. 

In  fact  I  believe  Ijoth  of  these  iire  perm^incnt  radiants.  The 
principal  radiant  situated  at  somewhere  about  44"  +  57°  is  not 
only  active  (at  least  intermittently)  from  July  27  to  Aug.  21,  but 
before  and  after  these  dates.  It  turns  up  Jit  intervals  in  Mr.  Den- 
ning's  Catalogue  from  the  14th  of  Jime  to  the  10th  of  December. 
The  radiant  at  32^'  +  53'  does  not  seem  to  occur  earlier  than  the 
end  of  July  when  its  iictivity  is  at  a  maximum;  but  I  find  it  at 
32-  +  50^'  on  Aug.  14.23,  at  33'  +  54-  on  Sept.  0.9,  at  31°  +  52° 
on  Sept.  21.25  and  at  32^  +  i^()°  on  Oct.  8. 

I  have  confined  myself  in  these  remarks  to  Mr.  Denning's  own 
observations.  I  might  perhaps  have  confirmed  them  by  intro- 
ducing the  observations  of  others.  But  I  suspect  that  there  is  a 
good  deal  of  what  is  called  "  personal  equation  "  in  the  observa- 


tions  of  the  nifyority  of  observcra  whicli  rciidcn*  their  6gurcB 
liarcll,v*  comparable  with  each  other.  Mr.  Deiminjj  i«  one  of  tlit 
oldest  niul  most  painstaking  of  mctconc  obi^crvcrs  and  liis  obscr- 
Tations  may  at  all  events  be  regardwl  «9  following  the  same 
scale.  And  so  far  as  Mr.  Denning  confines  himself  to  observation 
I  have  no  quarrel  with  liim.  But  the  sliifting  of  tlie  I'erscid  radi- 
ant is  not  a  fact  of  oburvation.  but  an  inference  from  obserra- 
tions,  and  in  my  opinion  an  inference  which  the  observations  do 
not  warrant.  Nor  is  tlie  greatest  skill  in  making  observations 
any  protection  against  drawing  erroneous  iufei'ences  from  them. 
All  Mr.  Riirnhnm's  accuracy  in  determining  the  distances  and 
positions  of  a  pair  of  binary  stars  docs  not  render  him  inUiUiblc 
in  his  determination  of  the  orbit;  but  to  make  the  cases  really 
parallel,  we  should  suppose  that  the  larger  star  was  9urrounde<3 
by  a  miraber  of  smaller  ones  which  could  only  l>e  glimpsed  ocva- 
«ionatly  on  a  dear  iiigbt,  and  that  Mr.  Uumham's  orbit'wa» 
made  out  by  assuming  the  identity  of  a  certain  miml»cr  of  thcscj 
glimv>sc-stars  notwitbstanJiug  that  small  star^  had  more  than' 
once  l>een  glimjised  in  the  old  places  o(  supposed  comes  long  after 
the  latter  was  supposed  to  have  moved  further  on  in  its  orbtt. 

It  is  true  that  on  the  current  theory  a  meteor  radiant  ought  to 
shift  uight  after  night,  and  I  may  add  that  I  do  not  see  how  it 
could  continue  for  anything  Hkc  a  mouth.  But  as  a  mntterof 
fact  the  great  majority  of  radiants  which  continue  for  some 
oightg  do  not  shift.  Where  the  radiant  is  not  a  diRusctI  one  it 
seems  to  be  ahnost  absohitely  fixed,  ni>d  iu  the  case  of  a  diffused; 
rndiatil  there  is,  as  a  nde,  no  steady  shifting  but  rather  a  fluctua- 
tion of  the  supposed  central  jKjint,  The  current  theory  must  be 
wrong,  for  it  docs  not  explain  the  facts.  When  it  is  replaceil  by  a 
theory  wlitch  affords  an  explanation  of  the  fact  of  stationary  ra- 
diation (the  ordinary  case)  the  new  theory  will  probably  show 
whcther  Iherc  aiv  exceptional  circumstances  which  might  cuuse  a 
shifting,  and  whether  these  exceptional  circumstauces  occur  in  the 
case  of  the  Perseids  or  not.  The  facts  os  at  present  known  do 
not  seem  to  me  to  establish  any  shifting;  but  they  nitghl  pcrhap«' 
also  Ix-  explaiucd  (1),  by  the  shifting  of  a  dilfngcd  radiant,  or  ('J),. 
by  a  shifting  radiant  passing  nearly  over  two  or  more  stationary 
radiants  in  its  course.  The  latter  is  probably  Mr.  Denning 's  idc^i, 
but  I  do  not  think  it  will  explain  the  facts  unless  there  is  a  good' 
deal  of  difliision  in  the  shifting  radiant  itiielf  I  include  tbc  exis- 
tence of  sub^rndiants  under  the  bend  of  ditfusion. 


THE  CANALS  OF  MASS.* 


J.  R.  noLT. 


nic  general  npinion  with  regard  to  Scliiaparclli's  cauals  is  that 
they  reprcseni  cracks  in  tlic  crust  made  during  solidificalioii.  and 
to  consequence,  that  tliey  are  oldtr  ihan  tbe  seas.  Oo  the  other 
hnnii,  some  astronomers  incline  to  tlic  view  Ihflt  they  are  artifi- 
cial: tbe  inhabitnnis  having  rcclitictl  tlie  rivers  and  dug  other 
canals,  proljably  witlt  a  view  to  irrigation.  Other  kypothcseB 
which  1  have  seen  put  forward  are.  (1)  that  they  are  furr«nvs 
forme:!  by  neroUtca,  (2)  thai  iliey  have  been  formed  by  tidal  ero- 
itian.  A  consideration  which  seems  to  ine  to  constitute  to8ume 
extent  n  discriminaliiijr  ttst  between  tlicsc  views  is  as  foHovvs. 

It  thi;  canals  arc  cracks  whichcxisted  iK-foit  the  present  seas,  we 
mipiit  expect  that  some  of  the  lon^^cr  craeke  run  across  the  sen 
bottom* :  gcticrally  9|ieakin>».  they  wonhl  Ik*  invisible  while  actu- 
ally iravLTsing  the  sea,  bat  would  reappear  on  islands  or  conti- 
nental surfaces.    On  these,  ihey  would  appear  as  cuntinuatioiiis 
if  the  orisinnl  cracks.     It  is  even  possible  chat  under  very  favor- 
Jable  circumstances,  the  cannls  may  nctnally  be  traced  across  tlie 
ftliallower  seas.    Oti  the  other  hand,  if  they  result  from  the  recti. 
icotion  of  the  rivers,  any  ancb  proloafjation,  if  observed,  nrnst 
3c  merely  accidental,  and  nlthnuj^b,  if  they  are  entirely  arti6ciat, 
vrccannot  deny  that  the  inhabitnnt!)  might  have  some  object  ia 
jto  const rnciiiif*  them,  wc  cannot  imagine  what  the  object  could 
be.    C'lnseciiantly,  if  such  prolongati<m»  are  observed  in  ^jrcater 
number  than  can  fairly  be  n.scri?)cd  to  mere  coincidence,  the  fact 
Lie  MJ  far  evidence  in  favor  of  the  more  Kenerol  view,  as  against 
Ftlie  hyjK>tiie»ia  that  they  are  artificial. 

Now.  on  a  careful  examination  of  SchiapareUi's  map,  given  at 
p.  4-JOof  M.  I-'taminariou's  "La  Plnni^tc  Mara",  I  have  come  to 
thcconclu:«iini  that  such  prolongations  do  exist.  The  following 
cases  sccni  unmistakable. 

(I)  Kumentdcft— Nectar,  (J)  I'yriphlethegon—Ambrosia,  (3) 
Triton— AKcanins.(+)  fiigas— Scamandcr,(5)r,alaxias— Xanthns, 
(6>  Astabi»ras— Nepenthes. 

The  following,  although  more  doubttid,  seem  reasonably  prob- 
able. 

(1)  Anubis— Alpheus,  (2)  Cerberus— Paicns.  (3)  Tartarus— Her- 
rulis  Colunma?.  Another  consideration  is  that  these  cracks  were 
^nes  of  weakness  in  the  crust,  and  therefore  probably  had  cousid- 

CotAmuiiicnted  1);  tbe  antltor. 


erable  indunictr  hi  determining  the  distribution  of  sea  and  land. 
Tlius  the  Mare  Cimmcriiim  scctna  to  have  some  t'onnection  ^\^th 
the  Triton;  the  Mnrc  Tyrrhcniiim  with  the  Typhiin;  the  More 
Siren nmpro))ahIy  with  the  Tartarus ;  ami  Herschd  II  Strnit,  and 
possibly  the  Hndriaiicimi  Mnre.  with  the  Hyilrnoles.  ■T'rr>feSPor 
Pickering  hus  traced  some  of  the  canals  ncross  the  seas.  This  is 
also  a  further  conlinnatinn.  Lastly,  wc  can  find  many  Instances 
of  eanals  apparently  prolongations  of  one  another,  in  which  the 
intervening  portit)n  crosses  the  tfinri  Tlins.  for  infit-'mir.  the 
Typhon— Joniinas. 

In  these  eases,  the  iiinsL  uhviunr*  view  i-s  that  the  intfi  vming 
portion  of  the  eanal  exists,  but  that  for  some  reason,  ii  is  not 
conspicdous.  I  drew  up  n  map.  made  by  copying  Schiapnrelli's 
chart,  and  niarVed  these  liypothciieni  eanals,  to  the  nuniljer  of 
ficimc  20  or  .'lU,  on  it.  Almost  every  canal,  shown  on  drn\rin(i;D 
made  subsequently  to  Schiapnrelli's  chart,  fdlls  into  its  place  on 
it. 

ATI  these  nrgnnicnts  make  for  the  view  that  the  eanals  arc 
cracks  in  the  crust,  as  against  the  view  that  they  nre  art^6cial. 

But  they  make  with  equal  force  a^inst  tlie  tidal  erosion  and 
aerolite  hyi)othcsc8.      tn  adfUtion,   there  are  other    arguments 
against  these  views.    Thus  the   tidal  view  is   that  the    water 
found  its  wny  from  one  ocean  to  the  other  across  the  land.     If 
the  eaimts  were  straight  parallel  lines,  which  did  not  intersect, 
this  vivw  might  be  tenable;  but  I  cannot  see  how  the  straight  in- 
tersecting lines  couldbe  so  formed.   So  with  regard  to  the  aerolite 
hypothesis;  the  itlea  sesms  to  be  that  the  rarified  atmosphere  of 
Mors  would  not  be  an  cifecti^T:  screen.    Bat  this  leaves  out  of 
considenition  the  slow  decrease  of  density.    If  we  take  this  into 
account,  wc  find  that,  even  if  the  density  at  the  surface  is  only 
one-tetitli  of  ours,  the  atmosphere  is  a  much  more  effective  screen 
Rgninst  meteorites  than  onrs. 

Accepting  the  view  that  the  canals  arc  cracks  in  the  crust,  the 
next  point  is  as  to  the  mode  of  formation.  The  snggention  which 
first  occars  to  the  mind  ts  that  they  were  formed  by  contraction 
of  the  crust  during  cooling;  but  it  is  not  certain  that  similar 
cracks  conW  Ik*  formed  in  this  way.  M.  Flammarion  mentions 
that  M.  Dnubree  tried  to  produce  a  similar  appearance  by  cover- 
ing a  hollow  caoutchouc  glol>e  with  a  layer  of  paraffin,  and  sub- 
jecting it  to  pressure.  Nothing  resembling  the  canals  was  pro. 
ducetl,  although  our  terrestrial  mountains  were  fairly  imitated; 
on  the  other  hand,  when  the  globe  was  distended  by  water  being 
forced  into  it,  similar  cracks  were  produced.    M.  Lebour  has 
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pointed  out  the  resemblance  of  these  canals  to  cracks  in  glass 
broken  br  torsion.  Another  consideration  is,  that  when  a  mol- 
ten body  solidifies,  at  first  the  crust  contracts  more  rapidly  than 
the  still  molten  nucleus;  the  crust  accordingly  closes  in  on  the 
latter,  and  compresses  it,  so  that  the  molten  matter  is  forced  np 
through  the  cracks ;  this  ma.v  be  what  has  occiirred  in  the  case  of 
the  Moon,  and  the  great  difference  in  aspect  between  the  cracks 
in  the  Moon  and  Mars,  is  evidence  that  there  is  a  fimdamental 
difference  between  the  ways  in  which  they  originated.  Taking  all 
these  considerations  into  account,  I  have  been  led  to  form  the  fol- 
lowing hypothesis. 

A  molten  mass  ot  badly-conducting  material  freely  cooling, 
would  soon  form  a  thin  crust,  while  the  matter  a  short  distance 
below  the  surface  was  still  perfectly  liquid.  This  formation  of  a 
tliin  crust  is  in  general  prevented  by  the  disengagement  of  gas 
from  the  molten  mass,  which  breaks  it  up  at  once,  before  it  has 
time  to  get  thick  enough  to  have  sufficient  strength  to  withstand 
the  gas. 

Now  I  suppose  that  in  the  case  of  Mars,  for  some  reason,  there 
was  a  temporary  lull  in  the  emission  of  gas,  sufficiently  long  to 
allow  of  the  formation  of  a  thin  crust,  so  strong  as  not  to  be 
broken  up  by  the  gas  when  emission  began  again,  but  not  strong 
enough  to  be  able  to  compresstbc  gas  when  contracting.  Conse- 
quently, when  it  began  to  contract,  Ijcing  prevented  from  closing 
in  by  the  expansive  force  of  the  imprisoned  gas,  it  shrank  later- 
ally, forming  long  rents.  It  is  even  iiossihle.  that  between  the 
force  of  expansion  tending  outward,  and  gravity  tending  inward, 
portions  of  the  crust  may  have  been  subjected  to  actual  torsion, 
and  some  of  the  cannls  may  have  been  formed  under  its  influence; 
in  general,  however,  my  suggestion  is  that  they  are,  properly 
speaking,  rents  formed  by  lateral  shrinkage.  As  soon  as  these 
fissures  had  formed,  the  iniiirisoiicd  gas  escaped,  and  the  ruptured 
crust  felt  in  ujion  the  nucleus;  but  by  this  time,  the  latter  had 
cooled  to  some  extent  on  the  surface,  and  hence  was  not  easily 
forced  up  through  the  fissures;  besides,  the  only  force  tending  to 
so  drive  it  up  would  be  pressure  caused  by  gravity,  resulting  from 
the  cooled  fragments  of  the  crust  Iieing  somewhat  denser  than 
theatill  molten  material;  there  would  be  no  force  of  compression 
acting.  Under  these  circumstances,  tlic  molten  matter  would  not 
be  forced  up  through  the  fissures,  or  at  tniy  rate,  not  completely, 
so  as  to  fdl  them. 

The  resemblance  of  this  hypothesis  to  M.  Rateau's  hypothesis 
of  sub-continental  gaseous  belts,  L'  Astroaoniie,  lS9H,p.  412,  will 


be  at  once  apparent.    In  fact,  the  idea  oeciired  to  mc  ciifhteea 
motjthsago,  but  I  distrtisscH  it  ns  probably  absurd,  yntil  thrpi 
licatiou  oiZl.  Rii.teau'6  hy^timiU. 

Tfae  iiindamental  difference  between  the  cases  of  the  Bartli.  and 
Mars,  I  take  it.  is  as  follows:  In  Mars  a  thin  crmt  was  earij 
formed  and  ruptured.  The  gas  then  escaped,  and  the  fiManes 
served  as  vents  for  the  internal  volcanic  energy,  so  that  the  crost 
has  reniained  almctet  in  its  primitive  condition  ever  since.  On  the 
Earth,  the  crust  was  not  formed  so  early ;  in  conseqaencef  it  es- 
caped rupture  as  a  whole,  and  was  able  to  compress  the  gas. 

The  volcanic  energy,  not  having  any  preformed  vents,  deformed 
the  crust  considerably,  and  formed  vents  for  itself  here  and  there. 
Xhefc,  however,  were  insufficient  to  allow  of  a  complete  es- 
cape; in  consequence,  the  surface  has  suffered  from  Tolcanic  ac- 
tion to  an  amount  contrasting  considerably  with  Mars. 

This  hypothesis  is  of  course  very  crude;  however  it  may  pos- 
sibly suggest  a  better  one. 

A  curious  fact,  which  the  above  does  not  explain,  and  which 
should  be  explained  by  any  adequate  theory,  is  the  way  the 
canals  fall  into  parallel  groups.  Thus  in  (1)  we  have  Phison, 
Hiddekel,  Oxus,  Jamnna,  Chrysorrhoas,  Cyclops;  in  (2)  Asu- 
tapes,  Anubis,  Euphrates,  Gehon,  Hydaspes,  Ganges;  in  (3) 
Araxes,  Gigas,  Avemus,  Cerbefus'.  Many  other  grdups  may 
similarly  be  noted.  Portions  of  tlie  coast  often  are  parallel  to  the 
canals  in  one  of  these  groups.  Thus  the  coast  of  the  Hour-plnss 
Sea,  from  the  mouth  of  the  Asutapes  to  Cape  Hanks  is  pnrallcl 
to  group  (1). 

So  the  coast  at  one  side  of  Marj»ariti''er  Simis  is  a  continuition 
of  the  Oxus;  one  side  of  Aurora*  Sinus  is  iiarallcl  to  Nilosyrtis, 
,\sta boras.  Typhon,  Jordanis.  H3-draotes-Nihis,  linnienidts, 
Erinnvs,  ele.  This  suggests  thfit  these  eoast-Iincs  are  really 
cnuiils.  Direct  evi(K.'nce  of  a  ])orti(jn  of  llie  const  being  a  canal. 
is,  ot  course,  very  seldom  attainable.  In  M.  Sehiapnrclli's  obser- 
servation  of  LMi  June.  IS'JO,  La  J'hiiwtc  Murs,  p.  47f).  he  saw  the 
south  c<iasl  of  Ikcr  Continent  ( Ilersehcl  II  Strait)  transformed 
into  a  double  canal.  This  is  to  some  extent  eonfirnialion  of  my 
hyjxHhesis;  /.  c,  when  the  fragments  of  the  crust,  settled  down 
on  the  nucleus,  abrupt  clianges  of  Iwcl  only  occurred  at  the  edges, 
that  is,  the  canals. 

I^assing  on  from  tlic  ipiestlon  of  crigin,  :i  new  question  arises 
as  to  the  present  state.  The  must  usual  opinion  is  that  the 
canals  .are  rivers.  In  favor  of  this  theory  wc  liave  (1)  their 
dark  colour.  like  water.  (L»)  the  fact  that  no  other  rivers  have 
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been  observed,  (3)  the  consideration  that  water  would  certainly 
find  its  way  into  these  ravines,  (4)  the  way  in  which  they  termin- 
ate in  bays  on  the  coast.  Against  this  theory  we  have  (1)  the 
way  in  which  these  canals  run  from  ocean  to  ocean,  (2)  their 
nearly  uniform  width,  (3)  the  consideration  that  if  all  are  rivers, 
Mars  is  much  more  richly  provided  with  larg^  rivers  than  the 
Earth. 

At  this  juncture,  we  may  possibh-  be  hclpedby  considering  what 
would  take  place,  if  the  Earth  were  similarly  seamed  with 
ravines. 

Obviously,  the  surface  drainage  would  sooner  or  later  find  its 
way  into  them,  and  so  we  would  have  rivers  formed ;  it  is  also 
obvious  that  the  surface  drainage  would  in  general  not  be  suf- 
ficient to  fill  them  completely,  so  that  we  would  have  ravines 
with  rivers  flowing  down  the  middle.  Obviously,  too,  although 
a  ravine  might  reach  from  ocean  to  ocean,  the  contained  river 
would  not  do  so.  In  fact,  the  one  ravine  might  contain  two 
rivers,  flowing  in  opposite  directions,  one  discharging  into  one 
ocean,  the  other  into  the  other.  Now,  that  this  should  be  the  case 
with  the  canals,  it  is  necessary  to  sup])ose  that  the  dry  portion  of 
each  ravine,  on  cither  side  of  the  river,  is  undistinguishable  from 
water;  either  through  the  soil  being  of  a  dark  colour,  or  through 
it  being  clothed  with  a  dark -coloured  vegetation. 

I  will  return  to  this  point  again;  for  the  present  I  will  pass 
over  the  (tuestion  as  to  \vh:il  gives  the  dark  colour  to  the  soil. 

Now  in  this  liyi)othesis,  that  only  the  tniddle  of  eacli  canal  is 
■water,  wc  find  a  possible  explanation  of  an  observation  made  by 
Schiaparelli  on  Dec.  2G,  1K79.  He  saw  a  broad  white  streak  run- 
ning from  Lake  Pheonix  in  a  N.  N.  li.  direction,  crossing  the  For- 
tnna  and  the  doubled  Xile,  and  seeming  to  join  an  extensicm  of 
the  polar  snows.  This  white  streak  jippcared  to  him  to  be  ob- 
viously snow,  (i)rol)ably  it  was  the  track  of  a  heavy  snow-siorm) 
and  he  examined  carefully  the  jilace  where  it  crosseil  the  Nile,  as 
he  exi)ectcd  tlifit  if  the  latter  were  watci-,  the  snow  would  melt  in 
it,  and  the  streak  be  interrupted  ;  while  if  the  Nile  were  merely  a 
marking  on  the  land,  the  streak  would  of  course  pass  across  it 
without  rilteration.  .\s  a  matter  of  tact,  the  Xile  was  not  abso- 
lutely interrupted,  luit  it  was  reduced  to  a  mere  thread  rniuiing 
across  the  white  streak.  This  observation  seems  to  have  been 
regarded  as  very  puzzling.  And  yet.  on  the  hypothesis  that  only 
the  niichllc  of  the  Xile  is  wfiler,  no  other  appearance  ctiuld  have 
been  expected.  This  observation  is,  however,  also  explicable  on 
the  assumption  that  the  Xile  was  frozen  over,  except  in  the  mid- 
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dir;  nnt\  the  lime  of  year,  (shortly  before  the  Tcmal  equinox)  is 
consistent  with  an  assumption  which  involves  extreme  cohl.  The 
following;,  however,  is  not  so  ensily  explained. 

These  rivers,  ninninj-  (h)wn  the  niiildle  of  each  ravine,  miKlit  be 
expected  to  expand  into  lakes  here  and  there,  especially  where 
two  or  more  uniteil.  In  some  cases,  these  hikes  would  be  le»s  in 
diameter  thnn  the  canal,  and  then,  as  seen  from  the  Earth,  the 
curious  nppcnnincc  would  I>c  presented  of  a  small  dark  spot  ia 
thecnnnl. 

Such  S|)i)ts  have  been  nceii  by  I'rofcssor  I'ickering,  ainl  I  caunoi 
BiiRgest  any  other  explanation  which  is  even  reasonably  prolK 
able. 

It  may  Ik-  urj^^  that  if  we  can  see  the  hikes,  we  oii^ht  also  tft 
Ik  able  to  see  tnc  rivers  tlicmsclves,  as  dniker  streaks  down  tlie 
middle  of  each  canal.  iJnt  it  must  he  remembered  thnt  the  lakes 
ore  i)robably  iti  j,'cncrfd.  dee|>er  than  the  rivers,  and  bo  look 
darker;  (2),  that  the  water  of  the  rivers  is  more  likely  to  be  tur- 
bid, and  so  look  lighter  than  that  of  the  lakes;  (3),  that  the  river 
water,  licinK  in  motion,  may  have  its  surface  diversifierl  with 
ripples,  aldies,  etc.  which  would  make  it  look  li>:hLcr  from  a  dis- 
tance. And.  under  very  favorable  circumstances,  the  middle  of  a 
canal  h.'ts  !)ecri  seen  darker  than  Ibc  ed^w*. 

As  to  tlie  {[uestion  whether  the  Miargins  of  a  canal  are  clothed 
with  vegetation,  or  merely  have  a  darker  color  than  the  rest  of 
the  soil,  either  by  fieinp  marshy,  or  any  other  reason,  it  is  at 
p«s«iit  hartlly  safe  to  H|»eeulatc ;  at  the  same  lime  there  is  a  ^oof} 
deal  to  be  said  for  the  hypothesis  of  vegetation.  Firstly,  if  wge- 
tation  exists  at  atl  on  the  surface  of  Mars,  along  the  banbs  of 
the  rivers  would  seem  the  most  likely  place  to  lo<ik  for  it;  sccI 
ondly.  the  changes  which  have  l»een  observed  in  the  apiwarances 
of  the  c^inals  seem  to  point  that  way.  As  a  single  instance,  lake 
the  Ambrosia;  on  ihe  2B  September,  1J*77.  one  day  before  ihc 
summer  solstice,  this  was  seen  to  lie  broad  and  greyish;  ia  Ko- 
vcniber  and  December,  1S79,  it  was  seen  as  a  fine,  black  line. 
Tills  is  exactly  what  we  would  expect  if  the  fine,  black  line  repre- 
sents the  n'rer  Ambrosia  itself,  and  it  is  fringed  by  a  broad  licit 
of  dectduons  trees.  At  the  time  of  the  first  olwervation,  bcin] 
the  summer  s(dstice,  they  were  in  full  leaf;  while  at  the  second^ 
which  was  shortly  before  the  aatnmnal  equinox,  the  leaves  had 
changed  color,  or  had  fallen,  so  only  the  river  itself  wns  visiVde. 
This  suggestion  may  seem  to  ascribe  a  degree  of  similarity  to  the 
Maii-ian  and  Terrestrial  vegetation  which  is  rtpn'on' improbable; 
but  having  gone  carefully  through  all  the  observations  recorded 


in  "La  PlanMe  Mars."  I  have  come  to  ittc  coaclusJon  chat  if 
vegetatiun  exbits  at  ull  ou  Mars,  and  the  diauge:&  iii  api>c.trance 
of  the  dark  niurkings  arc  dne  to  this  caxiSe,  it  very  closely  reseiH- 
bks  our  terrestrial  vegetation  in  the  way  it  varies  wilb  the  Ka- 

SODS.  ^ 

The  next  matter  to  be  considered  la  the  dupUcation:  this  is 
gcocmlly  rcjfunled  as  optical,  uot  in  the  sense  of  an  illufiton.  but 
an  heinj*  an  niireni  Hp[>eareiice,  due  to  the  meteorological  condi- 
tions prevailing  ou  the  surface  of  the  planet.  Two  explanations 
have  been  ]mt  forward;  the  first,  due  to  Mr.  Proctor,  attri- 
butes the  pheitoineuon  to  fogs  resting  nn  the  rivers;  the  second, 
due  to  M.  Meuiner,  ascrii>es  it  to  n  thin  veil  of  cloud  or  fog  be- 
t^*ceii  our  cycR  and  the  canals;  he  having  found  by  experinicot 
that  n  gauze  screen  held  before  lines,  etc..  duplicates  them. 

On  independent  grounds,  I  have  seen  reason   to  believe  that 

lerc  is  a  very  tliin  cloud-screen  nt  n  height  of  between  10  and 

iinilcs  from  the  surface, so  that  M.  Meunier's  may  be  thccorrect 
explanation.  1  doubt,  however,  if  it  is  adequate  to  explain  all 
cases ;  it  seems  to  me,  that  there  ought  to  be  some  reasonable  pro- 
portion between  the  licight  of  the  screen  and  the  apparent  width 
of  tlie  duplication;  and  I  do  not  exactly  see  how  a  cloud-screen, 
whose  distance  from  llie  surface  cannot  much  exceed  20  miles, 
can  cause  apparent  duplicntious  200  or  300  miles  wide.  It  seems 
to  me  njnrc  likely  that  only  tlie  narrower  duplications  are  caused 
in  this  way,  nnil  that  the  wider  are  renJ. 

A  hypothesis  to  t'X|>)nin  such  cases,  is,  that  of  two  canals, 
do*cIy  adjacent,  and  also  parallel  or  nearly  so.  both  draining  the 
same  area,  one  would  come  to  be  more  used  than  the  otlier ;  so 
in  seasons  of  drought,  the  less  used  river  would  get  choked  up  by 
stone*,  etc..  falling  into  its  b«l,  which  the  fluw  of  jvater  wnnld  not 
be  sutBcleut  to  remove.  So  that  In  time  there  u'oidd  only  Iw  one 
active  channel.  Then,  in  seasons  of  flood,  the  ordinary'  channel 
would  not  he  sufficient  to  cnrrj*  ofF  all  the  water,  consetincntly 
iht-re  would  at  first  be  flooding,  evinced  by  a  general  liazim-ss  of 
nspecL,  until  the  water  had  succeeded  in  forcing  its  way  down 
the  ><tcond  channel,  and  scouring  it  out,  after  whicli  both  cnnnis 
wouM  l)e  visible. 

This  hypotheis  is  apparently  inconsistent  with  the  assumption 
that  only  the  middle  of  the  canals  is  water.  Possibly  they  may 
he  reconciled,  or  ihey  may  refer  to  different  canals. 

It  will  be  seen  that  I  regard  the  canals  as  the  most  ancient 
Icattires  of  the  surface  of  the  planet.  Not  only  that,  hut  they  are 
in  a  sense  tlic  key  to  alt  the  others.    They  have  determined  the 
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distribution  of  sea  and  land,  and  fixed  the  course  of  the  rivers 
from  the  first,  so  that  only  very  insignificant  variations  have 
taken  place,  and  traces  of  fluviatile  action  are  confined  to  the 
canals.  Moreover,  by  their  acting  as  vents  for  the  subterranean 
energy,  traces  of  volcanic  action  are  probably  insignificant,  and 
confined  to  the  canals.  Mountains  are  almost  exclusively  found 
along  the  margins  of  these  latter,  and,  although  some  may  be 
volcanic,  it  seems  to  me  more  likely  that  the  majority  simply 
result  from  the  fragments  of  the  crust  being  tilted  up.  In  this 
case,  their  form  would  be  totally  unlike  that  of  our  terrestrial 
mountains;  on  one  side  there  would  be  an  abrupt  fall,  and  on  the 
other  a  gradual  slope. 

As  there  have  been  no  upheavals,  and  no  changes  produced  by 
fluviatile  erosion,  the  only  inportant  changes  which  the  surface 
of  Mars  has  undergone  in  the  course  of  ages  have  been  those  pro- 
duced by  the  gradual  recession  of  the  sea.  It  seems  not  improba- 
ble that  all  the  older  continents  are  to  a  large  extent  desert,  and 
that  life,  if  it  exists  at  all,  is  confined  to  the  lands  newly  left 
bare  by  the  sea,  (as  Hesperia,  Atlantis,  Libya,  Thaumasia,  etc., 
probably)  and  the  canals.  The  fluviatile  erosion  in  these  latter 
must  have  been  enormous,  if  the  rivers  have  been  running  for 
millions  of  years  in  practically  the  same  channels. 

In  the  latter  part  of  this,  for  brevity  I  have  spoken  dogmati- 
cally; it  will  of  course  be  undei-stood  that  these  results  are 
merely  put  forward  as  probable  if  the  fundamental  hypothesis 
(that  the  canals  arc  cracks  in  the  crusts  of  very  ancient  date)  be 
granted. 

Dublin,  Ireland,  6  Harrington  St. 
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and  0-S  catalogues.  At  no  other  Observatory  in  the  world  has 
this  class  of  work  been  so  systematically  and  continuously  car- 
ried on.  For  three-quarters  of  a  century,  the  Struves,  father  and 
son,  at  Dorpat  and  at  Poulkowa,  made  this  their  life  work. 
Fortunatel.v  they  did  not,  as  official  heads  of  these  great  obser- 
vatories, consider  it  an  important  or  necessary  part  of  their 
duties  to  direct  the  \v(»rk.  They  went  alicad  for  this  long  period 
of  time  and  made  the  measures  themselves;  and  the  result  is  that 
in  these  splendid  publications  of  the  Struves,  every  observation 
from  first  to  last  is  the  personal  work  of  one  of  these  great  ob- 
servers. It  is  hardly  necessary  to  s.iy  that  this  gives  the  meas- 
ures a  much  higher  scientific  value  than  they  would  be  entitled  to 
if  made  in  any  other  way. 

The  measures  comprising  the  present  volume  are  divided  into 
four  sections : 

Section  I  embraces  the  observations  of  Herschel's  Classes  V 
and  YI.  These  stars  are  taken  from  the  Catalogues  of  Herschel, 
Struve  and  O.  Struve.  Some  of  these  stars  are  more  closely  dou- 
ble, and  measures  of  some  of  the  closer  pairs  will  be  found  in  the 
other  sections.  Most  of  the  distant  components  show  very  little 
change,  although  in  some  instances  variation  from  proper  motion 
is  manifest.  Many  of  the  i)rincipal  stars  are  prominent  and  well- 
known  o!>jects,  sucli  iis  n  Cassiopea-,  A  Arietis,  ^  Aurig.x,  /  Ito<)tis, 
etc. 

Section  II  deals  with  stars  h;iving  larg^'  proper  motions. 
Many  of  them  are  known  as  double  stars  hv  virtue  of  a  near 
component  traveling  in  s|>ace  with  the  primriry.  Tlie  list  in- 
cludes most  of  tiie  prominent  st;irs  known  to  be  moving  in  this 
way,  and  as  the  nicisurcs  connect  witli  stars  too  remote  U)r  any 
proljjible  connection  with  the  primaries,  the  best  possible  data  is 
furnished  fur  a  very  e.>;act  correction  of  the  tnoveinjiit  as 
shown  by  the  nieridJ.'ni  observations.  Nearly  all  the  pt)niinent 
stars  linving  considernblc  proper  motions  are  included  in  this 
section  snch  :is  ir  AniIr<nnc<I;c,  '/  Cassioptijc,  4(1  Eridani,  at  Tauri, 
i'rocyon,  Castor,  r  Lconis,  01  Cygni,  etc. 

Section  III  is  dcv'Jtcil  to  stnrs  of  more  modern  discovery,  :tnd 
piirticiil.'irly  to  the  /jp.'iirs.  It  includes  nlso  sonic  ol  tbcrliseovL-ries 
of  the  CbirUs,  Dawes,  Hcrscliel  and  others.  Most  of  the  nicisines 
have  been  mndc  during  the  the  hist  twenty  years.  These  pjiirs 
are  nesirlv  .'ill  of  ;in  interesting  cli.'ir;ictcr. 

Section  I\'  cinljiaccs  measures  since  1875  of  i'  tuu\  ()2i"  pairs. 
In  nijiny  instances  they  aie  of  special  interest  eitiier  from  the 
rapid  nnjtion  of  the  conip;)nents,  or  because  recent  measures  are 
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wanting.  Among  the  binary  systems  we  have  40  Eridani,  32  Ori- 
onis,  C  Caincri,  a?  Leonis,  4-2  Comte,  /i  Herculis,  ^  Ursee  Majoris, 
02  234,02  536  and  others  of  a  like  character.  In  this  connection 
it  is  worthy  of  note  that  02  suspected  in  elongation  of  72  Ophiu- 
chi  (02  342j  in  1877.  This  star  has  been  examined  many  times 
in  the  last  twenty  years  by  various  observers,  including  the 
writer,  but  without  seeing  any  trace  of  the  suspected  companion. 
Evidently  the  star  should  be  watched,  since  it  is  possible  that  it 
may  be  double,  and  in  very  rapid  motion.  At  the  end  of  the  work 
we  have  an  index  to  all  the  stars  in  volumes  IX  and  X,  arranged 
in  order  of  R.  A.  To  some  extent  this  will  do  away  with  the 
practical  inconvenience  of  referring  to  a  work  of  this  character 
where  there  is  any  classification  of  the  double  stars. 

No  one  can  more  sincerely  regret  than  the  writer  that  this  is 
probably  the  last  extended  contribution  of  the  great  Russian  as- 
tronomer, so  far  as  practical  observations  are  concerned,  to  the 
literature  of  double  stars.  It  would  be  difficult  to  overestimate 
the  value  of  his  services  which  cover  a  period  of  more  than  fifty 
years.  His  brilliant  discoveries  of  remarkable  binary  systems, 
and  his  great  skill  as  an  observer  will  ensure  to  him  a  prominent 
and  enduring  place  in  all  the  astronomical  records  of  the  future. 


RECENT  OBSERVATIONS  OF  THE  SATELLITES  OF  JUPITER, 
EDWARD  S.  IIOLDEN. 


In  Astronomy  and  Astro-Physics  for  April,  1894  (page  272), 
and  in  the  Monthly  Notices^  R.   A.  S.,  for  January,  1894  (page 
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quired  that  some  of  the  large  instruments,  now  so  plentiful, 
should  confirm  his  conclusions. 

Second. — In  the  Publications  A.  S.  P.,  Vol.  Ill,  pages  355  and 
359,  Professors  Schaeljcrfe  and  Campbell  described  markings  on 
Satellite  III  of  Jupiter,  and  announced  that  Satellite  I  "is  ellips- 
oidal, that  its  largest  axis  is  directed  towards  the  center  of  Jupi- 
ter, and  that  the  other  satellites  appear  to  be  spherical."  Dr. 
Barnard's  conclusions  are  that  all  the  satellites,  including  I,  are 
spherical.  Professors  Schaeberle  and  Campbell  have  continued 
their  observations  since  1891,  and  have  so  far  seen  no  reason  to 
change  their  conclusions  above  given,  so  far  as  I  know.  In  the 
same  paper  they  conclude  that  the  periods  of  axial  rotation  and 
of  revolution  of  satellite  I  are  equal.  Dr.  Barnard  says  that 
his  observations  (as  yet  unpublished)  lead  to  a  different  result. 

Third. — The  appearance  of  Satellite  I  in  transit  as  a  double 
body,  as  obser\'ed  in  1890  by  Professors  Buriiham  and  Barnard,  is 
now  explained  by  Dr.  Barnard  as  due  to  simple  contrasts  between 
bright  regions  on  the  planet  and  two  extensive  dusky  polar  caps 
on  the  satellite  (which  are  separated  by  a  brighter  belt). 

The  simple  theory  of  contrast  is  probably  fully  adequate  to 
explain  all  observed  appearances  of  the  phenomena  of  the  tran- 
sits of  the  satellites  (dark  transits,  etc.),  as  has  been  pointed  out 
ill  the  Publications  A.  S.  P.,  Vol.  II  (1890)  page  296;  Vol.  Ill 
(1891 ),  page  358,  and  in  other  places. 

Fourth. — Dr.  Barnard  next  considers  the  transiJarency  of  the 
limb  of  Jupiter  with  reference  to  the  question  whether  the  light  of 
a  satellite  undergoing  occultation  can  be  seen  through  the  ])Janet's 
atmospl'.ere,  and  says,  "I  think  it  is  high  lime  that  astronomers 
reject  the  idea  that  the  s.-itellites  of  Jupiter  can  be  seen  tlirough 
his  limb"  since  under  good  conditions,  with  the  Sfi-inch  telescope, 
"the  limb  of  Jupiter  li.'is  apjieared  perfectly  opaque,  as  in  all  my 
previous  observations  with  smaller  telesc()i)es." 

It  is  quite  possil)lc  that  the  limb  of  Ju])itcr  is  really  opaque  to 
the  light  of  satellites  or  stars,  hut  it  does  not  always  appear  to 
be  so.  Dr.  Barnard  has  himself  described  the  appearance  of  a 
star  at  occultiitinn  shining  through  the  atmosphere  of  the  planet 
(see  Astronomicul  JouniHl,)  Vol.  VIII,  page  64-),  though  the 
observation  luid  probably  esca])ed  his  memory  when  he  wrote 
the  sentence  just  quoted.  It  is  conceivable  that  the  observations  of 
satellites  which  he  criticises  were  due  to  the  same  causes  which 
affected  his  own  observations  of  the  star  in  question.  At  any 
rate  his  words  "  the  star  was  last  seen  with  three-quarters  of  its 
disc  within  the  limb'"  of  Jupiter,  show  that  good  observers  have 
sometimes  recorded  appearances  of  the  kind. 

These  few  points  from  recent  i>apers  show  very  forcibly  that 
everything  is  not  yet  settled  with  respect  to  Jupiter's  satellite 
system,  and  may  serve  to  direct  the  attention  of  the  possessors 
of  large  telescopes  to  some  of  the  problems  involved. 

Lick  Observatory,  April  10,  1S94. 


OK  THE  3PCCTRUM  OF  /S  LVRAE .♦ 
II.  C   VOOKL. 


The  variable  star /S  Lyra,  remarkable  through  the  peculiar 
form  of  its  li^hl  cur\e.  Is  to  be  eoimted  anions;  the  most  inter- 
esting spectroscopic  objects  In  the  northern  heavens.  The  spec- 
trum Ixlongs  to  Class  I,  oad  extends  far  into  the  violet,  la  llic 
visible  portion  it  is  crossed  by  individual  bright  lines,  among 
which  ihe  hydrogen  liuea  IIj'  and  MA  and  the  D,  line  are. 
especially  conspicuous. 

The  idea  of  connecting  liic  bright  lines  in  the  sfjcctruni  of  /J 
Lyne,  which  seemed  to  undergo  changes  of  visibility,  with  the 
light- variation  of  the  star,  was  one  which  naturally  occurred  to 
observers;  nevertheless  the  various  attempts  which  were  made 
to  discover  such  a  relation  kd  to  no  satisfactory  and  conclusive 
result,  and  a  new  interest  in  the  star  was  first  awakened  by 
Pickering's  comniunicalion  (in  A,  N.  3051).  announcing  that 
photographs  of  the  spectrum  reveale<I  the  ijrcsciicc  of  closely  ad, 
jacent  bright  and  dark  lines  whose  relative  positions  were  subject 
to  change. 

Unfortuuatcly,  the  prospect  at  the  Potsdam  Oservatory  of 
being  able  to  engage  in  work  on  tbis  interesting  object,  was  very 
slight,  owing  to  the  lock  of  an  instrument  which  would  give  a 
spectrum  of  ^utTicicut  brightness.  The  star  was  too  famt  for  the 
large  spectrograph  with  which  the  motions  of  stars  in  the  line  of 
sight  had  been  determined;  and  when  instruments  with  less  <Ii9- 
pcrsion  were  connected  with  the  11-inch  refractor,  the  eft'ect  of 
the  visual  eorrection  of  the  telescope  objective  was  at  once  ap- 
parent, for  only  a  small  part  of  the  photographed  siiectrum 
appeared  sharp,  and  the  investigation  must  have  beeuconlincd  to 
esscutiully  a  single  line.  The  success  which  had  been  obtaiued  m 
an  iuvestigutioo  of  the  s|>cctrum  of  Nova  Aurigar,  with  a  siwctro- 
graph  of  small  dispersion  used  in  connection  with  the  i;>-inch 
photographic  refractor,  justified  the  expectation  that  details 
could  also  be  found  in  the  spectrum  of  fl  Lyra;  that  would  nut 
be  without  importance  in  adding  to  our  knowledge  of  tlic  nature 
of  tbi£  star,  and  I  therefore  took  some  pains  to  perfect  tlie  iostru* 
ment  which  had  served  in  the  above-mentioned  observations,  and 

■  Tmn^lated  from  ihc  Sitxunffsbericbtc  dcr  k.  preuss.    Akadentie  tier  W'itsea- 
tchmRetttu  Rerlia.    18di.  VI. 
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which  had  been  constructed  in  only  a  provisional  manner,  and 
above  all  to  increase  its  stability. 

With  the  improved  apparatus  the  spectra  are  of  extraordinary 
sharpness.  Owing  to  the  fact  that  the  collimator  and  camera 
objectives  are  achromatized  for  the  same  rays  as  the  objective  of 
the  telescope,  star  spectra  are  obtained  with  this  apparatus 
which  are  nearly  equally  sharp  throughout  the  great  extent  of 
spectrum  between  X  380  and  A,  450,  The  dispersion  is  somewhat 
greater  than  with  the  earlier  apparatus,  in  the  ratio  of  about  5:4, 

The  material  yielded  by  the  observations  up  to  the  present  time 
is,  thanks  to  the  zealous  labors  of  Dr.  Wilsing,  quite  considerable 
in  amount.  It  is  especially  valuable  for  the  reason  that  several 
photographs  were  taken  on  each  oljserving  night,  with  different 
exposures  and  breadth  of  spectrum,  thus  securing  a  result  for  the 
night  which  was  as  free  as  possible  from  accidental  errors,  and  was 
in  general  dependent  only  upon  the  more  or  less  favorable  condi- 
tion of  the  atmosphere.  The  times  of  exposure  varied  between 
15  and  60  minutes;  the  bre.'idth  of  the  s[)ectrum,  produced  by 
slightly  altering  the  rate  of  the  driving  clock,  vjiricd  Ijetween  a 
mere  line  and  a  Vireadth  of  0.4  mm.  Photographs  taken  with  a 
breadth  of  0.2  mm,  have  proved  to  l)e  the  best,  with  respect  to 
certainty  of  measurement  and  the  recognition  of  fine  details. 

From  March  25  to  December  22,  181)3,  Dr.  Wilsing  made  144 
photographs.  liesidcs  these,  7  plates  were  made  on  three  even- 
ings in  November,  1892,  by  Dr.  Wilsing,  and  it,  on  nine  evenings 
in  April  and  Mav,  1892,  by  I'rofessor  I'rost.  Si.vLleen  i>er  cent  of 
the  total  number  of  phitcs  were  unsuitable  for  a  detjiiled  inves- 
tigation; among  tliesc  arc  reckoned  tlie  plates  with  too  short  ex- 
posure, which  are,  however,  instructive  in  a  certain  sense,  inas- 
much as  they  show  the  great  importance  of  nearly  correct 
exposures  in  the  scientific  iipplicatioii  of  photography,  jind  how 
details,  easily  recognized  on  a  sufficiently  exposed  plate,  can  be 
entirely  lost  on  an  under-exposed  one  taken  on  the  sahie  evening. 
The  strong  and  disturbing  inJiuencc  of  the  state  of  the  Jitmos- 
phere,  especially  of  a  thin  veil  of  haze,  which  in  many  other  as- 
tronomical observations  is  so  advantageous,  was  in  gener^d  very 
noticeable  in  the  photogra])hs. 

With  regard  to  the  spectrum  of  fi  Lyr^e  in  general,  measures  of 
particularly  suitable  plates  by  Dr.  Wilsing  and  myself  show  that 
the  whole  series  of  hydrogen  lines  from  H;'  to  Hi*;  is  present.* 

*  1  here  tisc  for  itic  first  time  tlio  inomeudature  for  the  violet  liydrogeii  lines 
which  was  propciserl  bv  iin'  (.\,  N.  JilDrt)  ami  accepted  by  Hayj;'''®-  instead  of  the 
earher  one  hy  lings'''^' ;  I  shall  liowever,  in  the  first  examples,  add  in  brackets  the 
old  symbol  fur  the  be.st-kiiown  lines. 
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The  lines  appear  as  broad,  for  the  most  part  definitely  bounded 
absorption  bands.  Besides  the  conspicuous  line  K,  some  other 
lines,  resembling  those  of  hydrogen,  and  several  delicate  lines,  are 
visible  in  the  spectrum.  On  the  less  refrangible  side  of  nearly  all 
the  stronger  absorption  lines,  bright  lines  sometimes  appear, 
among  which  Ky  and  HC  (a)  are  especially  noticeable. 

The  results  of  measures  of  plates  taken  on  March  26,  April  7 
and  8,  December  9  and  22,  1893,  are  collected  in  the  following 
table.  The  wave-lengths  have  been  determined  with  the  aid  of  a 
table  based  on  very  numerous  measures  of  solar  spectra  taken 
■with  the  same  apparatus.  The  uncertainty,  between  Hy  and  H7 
(/3),  is,  liberally  estimated,  about,  ±  0.15  MM-  For  lines  near  the 
limit  of  the  photographed  spectrum,  which  cannot  be  determined 
so  accurately,  the  value  given  above  is  quite  exact.  It  should  not 
remain  unmentioned  that  in  the  determination  of  wave-lengths 
the  assumption  has  been  made  that  the  absorption  line  Htf  in  the 
star  spectrum  coincides  with  this  line  in  the  spectrum  of  the  arti- 
ficial source,  which  has  no  motion  relatively  to  the  observer.  It 
has  not  been  jjossible  hitherto  to  determine  absolute  wave- 
lengths in  the  star  spectrum  with  greater  accuracy  then  0.15mM- 


Micrometer. 
ReudlDK. 


Wave-leugtli. 
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1.00 
0.40 
0.40 
1.40 
2.G4 
3.51 
4.08 
16.03 
|«.25 


370  AuM 

371.2 

372.2 

373.5 

37.51 

376.3 

377.1 

379.8 

380.2 


Weak  absorption  line  at  the  limit  of  visibility.    H5- 

Weak  absorption  line.    H>'. 

Weak  absorption  line,    H^. 

Weak  absorption  line.    HA.. 

Absorption  line.    H;i;. 

Delicate  absorption  line. 

Broad  absorption  line.    Hi. 


.\bsorptinii  line. 


Bright  line,  very  weak./' 
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402.6 

■  120.17 

403.0 

121.86 

406.3 

121.96 

406.4 

;  22.15 

406.8 

122^2 

407.1 

r  23.84 

410.2 

\  24.03 

410.6 

J  24.28 

411.1 

124.42 

411.3 

(24.73 
\24.93 

412.0 

412.4 

25.22: 

413.0 

25.40: 

413.3 

(25.83 

414.3 

126.04 
(34.16 

414  7 

434.0 

\34  34 

434.5 

J35.95 
136.15 

438.  S 

439.3 

(38.93 
[39.10 

447.0 

447.5 

j  39.33 

448.1 

139.44 

448.4 
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DoMriptloQ  or  Line. 

Absorption  line;  strong. \Conflpicuous  lines,  resembling 
Bright  line;  bruad.  j     the  hydrogen  lines. 

Absorption  line.K.  _  r  ■   .  ' 

Bright  line.  r""^  ^«'"^- 

Absorption  Hne.i„        .  ■   . 
Bright  line.         r"^>  '^'"'■ 
Absorption  line;  strong,  broad. li,> 
Bright  lin.-;  brond.  /""• 

Absorption  line;  narrow,  weak. 

Bright  line;  weak,  very  wide. 

Absorption  line. 

Bright  line. 

Broad  absorption  line.  \  u  v 

Broad  bright  line.        ( "" 

Absorption  line;  broad. 

Bright  line;broad,  very  weak. 

Broadabsorptionline.lr.         .  , 

Bright  line.  }  Conspicuous  lensis. 

Absorption  line;  narrow,  weak. 
Bright  Irne;  verv  weak. 

In  the  accompanying  plate*  I  have  also  given  a  representation 
of  the  spectrum  as  it  appears  at  the  time  of  a  principal  minimum, 
as  there  has  hitherto  been  published  only  a  map  of  the  visible 
part  of  the  spectrum  between  Dj  and  VLy  in  the  memoir  on  yS 
Lyrae  by  B^lopolsky,  to  which  these  observations  from  an  exten- 
sion. 

Changes  in  the  spectrum,  apparently  having  some  relation  to 
the  period  of  the  star,  were  immediately  and  easily  recognized  in 
the  observations  of  March  and  Ajiril,  1893,  which  were  made 
during  an  extraordinarily  favorable  period  of  weather.  It  first 
appeared,  without  any  doubt  whatever,  that  the  intensity  of  the 
continuous  spectrum  varied  with  the  light-phase,  and  that 
neither  a  variation  of  relative  intensity  in  separate  parts  of  the 
spectrum,  nor  a  conspicuous  change  in  the  general  nature  of  the 
spectrum,  was  immediately  involved  in  the  different  light-phases 
of  the  star.  It  cannot  be  certainly  determined  whether  the  bright 
lines  increase  in  brightness  with  the  continuous  spectrum  or  not; 
but  in  any  case  they  do  not  merely  make  their  appearance  at  the 
time  when  the  star  is  brightest,  as  it  has  been  asserted  that  they 
did.  On  the  contrary,  the  photographs  which  have  been  taken 
here  point  rather  to  the  opinion,  that  the  bright  lines  do  not  take 
part  in  the  periodic  light-variation  of  the  star,  for  they  are  most 


•  The  plate  is  as  close  a  reproduction  as  possible  of  Professor  Vogel's  plate  in 
the  Sitzungsbericbte.—Ed. 


conspicuous  at  the  time  of  the  principal  minimum,  very  likely  in 
conse(|Ucncc  of  the  contrast  with  the  weaker  continuous  back- 
ground.  The  number  of  lines  is  !ils(>  subject  to  no  regular  vnria- 
tion ;  it  is  constant  for  ihc  principnl  lines,  and  the  visibility  of  n 
considerable  numl)cr  of  tincr  lines,  brij^ht  as  well  as  dark,  which 
can  be  n-cognitcd  at  limes,  stt-nis  to  dcpcnri  only  upon  the  piirti- 
cularly  fuvondilc  Htnio.sjihfric  conditionif  under  which  they  ni^ 
obtained,  or  the  exccUcnce  d\  the  photojjraph.  (Such  especially 
pood  ijhotoj^raphs  lead  to  the  mippositiou  tlinl  with  suHlcient 
dispersion  the  spec t nun  wouM  Iiefnund  very  rich  in  lines.) 

Only  small  changes,  nndoubtwlly  stoiuling  in  a  certain  relation 
to  the  |>criodic  varioiinns  of  the  stnr,  can  be  observed  in  the  rela- 
tive positions  of  the  bright  and  dark  lines,  which  for  the  most 
pnt^  arc  arranged  in  pairs  throughout  the  spectrum,  It  appear* 
that  at  the  time  of  a  principnl  minimum  the  absorption  lines 
come  out  very  distinctly,  and  the  bright  lines  lie  close  to  their  less 
refrangible  sides.  At  the  time  of  a  maximum  the  alworption  lines 
are  less  distinct;  at  the  time  of  the  first  maximum  the  tmght  lines 
are  still  on  the  side  toward  the  red ;  at  the  time  of  the  second 
maximnm  they  fall  no  the  absur[itiim  lines,  {which  in  consequence 
apj>ear  vcr>'  narrow),  and  assume  the  aspect  of  hrijibt  lines 
situated  one  on  each  side  of  the  dark  line,  although  on  account  of 
the  greater  brightness  of  the  continuous  spectrum  they  are  often 
hard  to  sec.  The  as(K.'ct  of  the  lines  in  the  intcnnediate  minimum 
is  nearly  the  same  as  at  the  time  of  the  second  maxinuim.  but  the 
absorption  lines  are  broader  and  more  conspicuous. 

The  above  observations  Jipply  to  most  of  the  stronger  lines 
between  A  385;(/<  and  A  -toOAi/i,  and  not  lo  the  whole  siwctroni 
shown  on  the  plate;  for  the  intensity  falls  olT  very  noticeably  at 
A  385  if  tlie  correct  exposure  has  been  given  to  the  other  jiarts; 
and  no  reliable  slalements,  based  on  the  i)latcs  which  are  at 
present  available,  can  be  made  as  to  the  beha\-inr  of  the  more 
refrangible  hydrogen  lines.  Some  of  the  plates  show  that  in  this 
])art  of  the  tjiectruin  ala*j,  bright  lines  arc  at  times  situated  close 
to  the  absorption  lines,  while  at  other  limes  the  bright  lines  fall 
on  the  absorj)tion  lines  and  cause  them  to  appear  vcri-  faint. 

The  plienonietm  described  obovc  appear  in  a  much  more  preg- 
nant manner  in  the  ease  of  the  Hc  line.  This  is  by  far  the  most 
striking  line  in  the  photographic  spectrum.  White  some  of  the 
bright  lines  are  at  times  scarcely  i>ercepitt»le,  the  bright  line  H:  is 
always  plainly  evident;  in  poor  photographs  it  is  often  the  only 
feature  in  the  spectrum  worthy  of  remark.  The  bright  line  is  tiar- 
rower  than  the  other  lines  of  hydrogen ;  the  absorption  line  is  al- 
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ways  sharply  bounded,  and  it  is  outlined  with  quite  especial 
sharpness  when  apparently  enclosed  by  the  bright  line.  It  is  re- 
markable that  the  absorption  line  is  absolutely  dark;  in  the  nega- 
tive, forming  a  spot  free  from  the  slightest  deposit  of  silver,  it  is 
often  brightly  transparent.  This  appearance  may  in  part  be  due 
to  the  peculiarity  of  photographic  processes,  that  contrasts 
brought  out  by  powerful  development  are  stronger  than  they  are 
in  reality ;  but  the  behavior  of  this  line  as  compared  with  that  of 
the  other  lines  in  the  spectrum  remains  a  remarkable  fact,  well 
worthy  of  special  consideration. 

Although  1  do  not  regard  our  observations  of  p  Lyrae  as  com- 
pleted, I  have  sought  to  collect  all  the  hitherto  observed  pheno- 
mena relating  to  the  Hc  line  in  a  preliminary  manner,  in  order  to 
secure  a  basis  for  further  investigations,  and  give  them  here  in 
some  detail,  as  they  may  also  be  of  some  importance  to  other 
observers.  The  observed  changes  are  noted  with  reference  to  the 
phase  of  the  star's  period,  since  as  I  have  said,  the  first  observa- 
tions revealed  a  certain  connection  between  the  two  phenomena. 

A.  1.  At  the  time  of  the. principal  minimum  and  the  maximum 
following  it,  the  bright  line  lies  close  to  the  dark  one,  displaced  in 
the  direction  of  greater  wave-length.  Occasionally, — particularly 
at  the  time  of  the  first  maximum, — tbetdark  line  is  bounded  on 
the  upper  side  also  by  a  bright  but  quite  narrow  line.  (FJg  1  and 
2,1893.    April  7  and  April  10). 

2.  At  the  second  minimum  the  absorption  line  lies  in  the  mid- 
dle of  the  bright  line,  in  such  a  manner,  however,  that  the  red 
component  of  the  bright  line,  which  then  appears  as  a  wide  dou- 
ble, exceeds  the  other  in  breadth.  On  the  less  refrangible  side  of 
the  bright  line  appears  a  weak  absorption  line. 

3.  At  the  second  maximum  the  absorption  line  lies  either  ex- 
actly in  the  middle  of  the  bright  line,  or  toward  one  side,  so  that 
the  more  refrangible  component  is  somewhat  the  broader.  The 
above-mentioned  absorption  line  on  the  less  refrangible  side  of 
the  bright  Hne,  is  very  distinct,  and  quite  characteristic  of  the 
appearance  at  the  time  of  the  second  maximum.  Occasionally 
two  or  three  more  lines  can  be  recognized,  at  a  short  distance 
toward  the  red.    (Pig.  4,  1893,  April  4). 

4.  While  the  passage  from  the  first  maximum  to  the  second 
minimum  is  a  quite  gradual  one,  the  change  in  the  aspect  of  the 
double  H:  line  between  the  second  maximum  and  the  principal 
minimum  is  verj-  sudden, — indeed,  it  occurs  shortly  before  the  ad- 
vent of  the  principal  minimum. 

B.  The  aspect  of  the  Hues    described    above,   which  is  that 


showti  ou  mu«t  of  the  pliotographs,  i»  Bomctimcs  very  pcrecp- 
tibly  (liffcrciit.  At  tlic^  principal  ininimam  and  Arst  mnxitiiuni  the 
bri>;lit  line  does  not  lie  entii-ely  on  one  side  of  the  al>9orpLion  line, 
but  cncloscit  it,  ns  in  tlie  cn««  of  the  ?»c«oii(]  mininutni  (A,  2)  al- 
thoufifli  the  red  coni|vinent  of  the  bright  line  is  coiiitiiJcrably 
brondcr.  At  the  time  of  tbe  xccontl  niinimuin  anil  the  foltuwinfi 
unixiinuni,  the  more  refmngiblc  component  of  the  bright  line  i« 
considerably  broader  thiin  the  other  component,  and  on  tbc  pho- 
tngrapht)  of  <X^t.  13,  1H93.  (between  (he  second  niinimuni  und 
the  second  maximum)  the  brijtht  line  can  be  seen  on  only  one  side' 
of  the  nbMorpliun  line,  displaced  in  the  direction  of  smaller  wnrc- 
)cn}{tbfi.  and  liencc  the  arrangement  is  jutst  the  reverse  of  what  it 
is  (A.  1)  at  the  time  of  the  principal  minimum. 

The  diflfcrcnces  mentioned  above  arc  not,  however,  peculiar  to 
Che  H:  line,  ijut  arc  found  in  the  other  lines  also.  Thu5  on  the 
plntc  of  Oct.  13  sevend  of  the  absorption  Itnem  luive  bri)|>ht  tines 
in  their  more  refrangible  sides.  The  iuiprrssion  produced  is  Umt 
the  bright  lines  are  displaced  with  reference  to  the  dark  ones 
throughout  the  whole  spectrum. 

The  series  of  observations  at  the  limes  ol  these  conditions  of 
tbc  double  lines  in  the  si>cctnim  of  fl  Lyrit  is  still  dcfix'livc.  bat 
there  is  little  doubt  thi^t  further  observations  will  enable  us  to 
sueceeil  in  discovering  the  cause  of  these  hitherto  unknown  or  un- 
noticed changes  which  may,  lie  supposed  to  require  a  longer 
period,  |)erha|is  one  of  several  months. 

C.  Notoidy  the  bright  line  HT.but  the  otherstrongbrightlinea, 
undergo  a  change  in  breadth  and  inteasity  which  must  firohnhly 
be  regarded  ns  real, since  it  can  hardly  be  luicribeil  to  alniosphcric 
conditions  fir  length  of  exposure.  Whether  the  ebarigc  is  pcriutltc 
or  ctitin'ly  irregidnr  we  have  not  yet  l>ecn  able  to  determine;  but 
at  any  rate,  as  mentifmed  almve,  it  stands  in  no  immediate  rela- 
tion to  the  light-phaHe,  That  the  dark  lines  aUo  show  large  vari- 
ation in  brciulih  and  intensity  has  already  been  mentioned;  tl»e 
breadth  defKads  greatly  upon  the  hiiuaiinti  of  the  bright  lincfi 
— wlwthcr  they  appear  on  lK»th  sides  of  the  absorption  lines  or  on 
one  side  only ;  but  the  length  of  exivosure  has  undoubtedly  in  Ihts 
case  a  gri-nt  inflnence,  which  it  is  dtriicnlt  to  determine. 

I  give  here  a  few  measurements  of  the  breadth  of  the  H:  Hnc, 
in  order  to  show  the  limits  within  which  the  change  of  brcudtb 
takes  plnce. 


//,  C.  Vogth 
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Tbc  brigbt  line  On  an  tlw  red  sjil*  of  the  dark 
one.  Uii  the  uihrr  eidr  of  ihc  absorption  tjni; 
is  rislbk  only  ii  timtc  fine  bng))l  liiic  there 
O.O^r  ru  D.O'lriii  htviKlth. 

Tbc  al>»iir[itioii  bnc  titrn  in  tltc  middle. 

Tbc  bn^bt  line  lif*  on  1  be  reil  niijc- 

Thc  bri>;ht  line  \k9  ou  tbe  violet  sitlr. 

Tlir  alMnri^tion  tine  tin  in  the  middle  of  the 

tirtitht  uuc. 
Ttie  abs'trption  line  witbbi  <hc  bright  one.  lint 

i1i»|ilncri|  fram  ibc  middle  toward  the  red. 
The  bright  line  lies  un  the  red  eide. 


The  nitjisures  :trc  given  in  inicronieter  revolutiotia;  O.lr  cor- 
responds  to  a  change  of  wavc-Ien^b  of  O.lG/iii. 

It  is  n  matter  of  spceial  interest  to  Uetemttne  the  amount  of 
the  relative  (lisijlnceimiU  of  tlic  lines,  since  this  d  is  pl.t  cement  can 
honlly  he  oLherwlsc  rcganlcd  than  ns  resnlting  from  the  motion 
of  dtflerent  bodies,  having  dissimilnr  spectra  which  arc  snjicr- 
]K)sed  on  account  of  the  small  distance  hctween  the  bodies.  Un- 
foriunately  it  has  not  yet  hecn  possible  to  make  ahsohite  deter- 
minations of  ttie  positions  of  the  lines  with  sufiicient  accuracy; 
hut  I  hope  thai  further  observations  can  be  made  complete  in 
this  liircction  also, 

Tbe  table  on  page  366  shows  that  at  the  time  of  greatest  dis- 
placement the  distance  between  the  centers  of  itie  bright  and  dark 
lines  of  a  pair  is  in  the  average  0.2  rev.:  thi^i  would  correspond 
to  the  verj*  considerable  motion  of  abotil  300  kilometers  per  see- 
ond:  but  u  more  criliial  consideration  of  the  phenomcnji  and 
comparisons  of  the  different  lines  with  one  another,  slmw  that 
the  determination  of  a  velocity  by  sim])le  measurement  of  the  dis- 
tance Ijetwccti  the  bright  and  dark  lines  cannot  be  regarded  as 
reliable  since  the  bright  lines  imdonbtcdly  partiully  overlap  ihe 
dark  ones,  even  at  the  time  of  their  greatest  separation.  Theex- 
cnt  to  which  this  pjirtial  ()verhii!ping  influences  the  two  lines  de- 
ids  upon  the  breadth  and  intensity  of  the  bright  line,  the  form 
of  its  intensity^*urve,  and  also  upon  the  inlensity-cnrvc  of  the 
dark  line.  Tlie  intensity  of  the  continuous  siwctrum.  which  varies 
with  the  light  phase  of  the  star,  also  plays  a  considerable  part  in 
this  connection,  and  ex[»lnins  some  minor  differences  which  are 
found  in  the  difTercnt  lines  of  one  and  the  same  spectrum. 

It  has  sometimes  been  obssrvcd  that  the  broad  absorption  line 
Hy  completely  encloses  the  bright  line,  so  that  the  nbsori>tion 
line  appears  on  each  eide  of  bright  one.  with  the  two  parts  of 
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greatly  unequal  width,  while  the  bright  HC  line  lies  entirely  on 
one  side  of  its  dark  companion.  At  the  times  of  the  second  min- 
imum or  second  maximum  it  happens  that  the  absorption  line 
H;' is  so  completely  covered  by  the  bright  line  that  it  is  hardly 
distinguishable  from  the  continuous  spectrum.  If,  however,  the 
bright  line  is  at  this  time  broader  than  the  absorption  line,  nar- 
row bright  lines  are  produced  at  the  borders  of  the  hidden  ab- 
sorbtion  lines  as  in  the  case  of  HC.  It  will  be  seen  from  this  that 
the  spectrograms  require  a  very  close  and  critical  study  if  errone- 
ous conclusions  are  to  be  avoided,  which  may  easih-  be  drawn 
from  appearances  that  seem  to  differ  for  different  pairs  of  lines, 
but  are  really  explicable  on  simple  principles,  and  referable  to  the 
same  special  case. 

The  case  first  mentioned,  where  at  the  time  of  greatest  displace- 
ment the  bright  line  lies  within  the  absorption  line,  and  which 
was  several  times  observed  in  Hj'  (Fig.  5)  and  in  the  line  A. 
477/'/'  (Fig:  6)*,  affords  the  possibility  of  obtaining  a  fairly  close 
approximation  to  the  magnitude  of  the  displacement  of  the  lines 
and  consequently  to  the  amount  of  motion.  I  give  below  a  num- 
ber of  measurements  which  I  have  made  on  two  plates  taken  on 
December  22,  1893.  The  readinj^s  given  are  means  of  settings  on 
the  edges  of  the  lines  or  on  their  centers. 


Line  Uy. 

0.1  rev.  corrcspoiKls  ti  a  cliffcreiicc  in 
wnvc-lengtli  of  0.2&fi;i. 

0.1/i;(  corresponds  to  a  velocity  of  61) 
kilometres. 


LItic  a  4-+7. 

0.1  rev.  corrcspoTidK  to  a  ilifFerencc  in 
wnvelenHtli  of  ().28ji'/(. 

Q.lftft  corrcspontls  to  a  velocity  of  67 
kilometres. 
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Plate  II. 

A1«onJ.l.ncjo.7r.5l  Distance 
Bnpht  line  ■^^^^J^^^  J 

The  mean  gives  for  Hy  a  displacement  =  0.083r,  corresponding 
to  0.216^/i  or  a  velocity  t)f  14-9  kilometres;  for  the  line  X  44-7  the 
displacement  is  0.075r,  corresponding  to  0.210/*//,  or  a  velocity 
of  140  kilometres. 

(to    ni-:  CONTIM-EI)). 


ON  THE  INFLUENCE  OF  THE  SLIT-WIDTH   ON   THE   APPEARANCE 

OF  COMET  SPECTRA.* 


II.  KAVSEH. 


It  was  quite  early  assumed  that  the  spectra  of  comets  consist 
essentially  of  bands  which  are  seen  when  compounds  of  carbon 
are  burned  or  rendered  inciindescent  by  electric  discharges,  not- 
withstanding the  fact  that  considerable  differences  were  indicated 
by  the  observations.  The  most  important  of  these  differences  are 
the  following: 

(1).  Each  of  the  groups  of  bands  in  the  carbon  spectrum  (for 
it  is  now  quite  certain  tliat  the  spectrum  of  carbon  itself  is  con- 
cerned, and  not  that  of  a  hydrocarbon),  begins  with  a  maximum 
of  brightness  on  the  red  side;  in  comctary  spectra,  on  the  other 
hand,  the  maximum  is  within  the  band,  and  therefore  displaced 
toward  the  violet. 

(2).  The  wave-lengths  of  tlie  maxima  in  cometary  spectra  are 
always  found  to  be  smaller  than  the  wave-lengths  of  the  heads  of 
the  carbon  bands ;  the  wave-lengths  of  the  edges  of  the  cometary 
bands  are  likewise  smaller  than  the  edges  of  the  carbon  bands; 
only  in  the  case  of  the  brighter  cometary  band  at  A  510  is  the 
wave-length  of  the  beginning  fretiuently  found  to  be  greater. 

(3).  Whenever  a  dispersion  could  he  employed  sufficiently  great 
to  show  the  second  or  third  maximum  of  tlie  bands  in  the  comet 
spectrum,  as  well  as  the  first,  these  maxima  were  also  disjilaccd 
towfird  the  violet. 

(4-).  While  in  cacli  ciirbon  band  the  first  maximum  is  the 
brightest,  and  the  following  maxima  become  gradually  fainter,  in 
comets  it  has  fretpiently  been  observed  that  the  second  maximum 
is  brighter  than  the  first. 

•  TraiisliUtil  from  ,\.  N.  :i-J\7. 


(5).  A  series  of  observations  was'  made  b;  HnrkncKS  on 
Comet  Kncke  1H71,  V,  according  to  wliich  llie  wave-Ien>;llis  of 
the  maxima  were  greoter,  the  greater  the  brightness  of  the 
comet. 

(6).  Measarca  by  diOerent  observers  on  the  same  comet  ex. 
hibit  extrtiordiiirtry  differences,  which  often  far  exceed  the  imssj- 
ble  limits  of  error. 

All  these  anomalies  in  conielar>'  s|)ectra  have  rcmainetJ  unex- 
plained up  to  the  present  time,  although  must  ol'  them  have 
fiTrquciitly  been  jjointed  out,  and  (us  fcir  example  in  tlie  excellent 
collection  of  measnrcmi!nts  by  Hassclbcrg")  placed  clearly  l^clorc 
the  eyes  of  observers.  t)nly  two  attempts  have  [>cen  niiiilc  to 
explain  at  least  some  of  these  anomalies,  li.  C.  Vogcl  oI>scrved 
the  mixed  sjKvtra  of  carbon  and  carbon  monoxide.  The  CO  luind 
at  A  5BV>y  Ihen  fd!  within  the  beginning  of  the  C  band  at  X  563-I-, 
apparently  producing  a  maxitnuni  of  the  C  band  aL  the  foniicr 
place.  Further,  tbu  CO  band  at  A  511)8  fdl  iK-fnre  the  third  C 
band  at  \  516'l-,  and  thereby  ))ro(bK'cd  an  apparent  dispbicemcut 
of  the  Iwginning  of  the  C  hand  toward  the  red.  Finally,  a  weak 
CO  hand  at  A  -I-B9S  fell  within  the  fourth  C  bond  at  A  1737,  cauB- 
hig  an  apparent  dtsplnccnienL  of  the  maximam  of  the  C  hand 
toward  the  violet.  Vogel  therefore  maUei;  the  aasu.-ti|ttton  that 
the  siKx^truni  of  a  comet  often  consists  o(  thesuperpOKcd  siK-clra 
of  C  and  CO,  and  in  this  manner  seeks  to  explain' the  displace- 
ment of  the  maxima. 

This  hypothesis  apiwars  at  first  sight  to  ftccord  ipiite  wtll  with 
the  facts  of  observation ;  nevertheless  it  seems  to  me  inadmi»ible 
for  two  reasons: 

(\).  If  some  of  the  CO  bands  appear  in  comet-spectra,  then 
since  one  of  the  weaker  bands  is  supposed  to  be  strong  enough 
to  answer  the  rei^uiremcnts  of  the  cxplanaLion,  the  other  bands, 
at  least  the  strongest,  as  for  example  those  at  A  6()79,  +834  and 
4510  should  be  peen.    This  is  however  not  the  case. 

(2).  One  wouhl  at  least  expect  that  the  different  measures 
would  show  some  correspondence  with  the  appearance  of  the 
bands  in  the  mixed  spectrum;  for  instance,  that  the  apparent 
maximum  of  the  third  C  band  would  always  be  found  near 
A  5fi09,  But  there  is  al>sululcly  no  hint  of  this  in  the  nbservn- 
tion ;  thus  three  measures  by  Vogel  himself  give  for  comet  Encke 
1871  V;  A  5352.  fur  1871  IV;  A  5571,  for  1.S74  III:  A  5538. 

The  second  attempt  to  furnish  an  explanation  is  due  to  Hassel- 
bcrg.    He  has  found  that  when  very  weak  electrical  discharges 

*  Mfm.  dc  1'  Acad.  tlcKt.  Prin-ab.  Si-r.  VII,  Bel.  2R.  No.  a. 
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arc  sent  through  carburetted  hydrogen  in  Geissler  tubes,  the  sec- 
ond maximum  of  the  fourth  carbon  band  (and  perhaps  also  that 
of  the  second)  can  under  certain  circumstances  become  brighter 
than  the  first  maximum.  But  even  when  it  is  assumed  that  this 
experiment  is  quite  free  from  objection,  and  that  the  appearance 
is  perhaps  not  due  to  CO,  as  in  the  case  of  Vogers  experiments, 
(and  Hasselberg  says  himself  that  the  CO  spectrum  was  present 
at  the  same  time),  it  explains  only  one  of  the  anomalies  which 
have  been  observed  in  the  spectra  of  comets. 

It  must  be  said,  therefore,  that  the  measures  of  the  spectra  of 
comets  have  as  yet  found  no  explanation.  Hasselberg  constructs 
a  *'  type  of  cometary  spectra  "  which  differs  from  the  carbon  spec- 
trum, and  Scheiner  even  says  (Spectralanalyse  der  Gestime,  p. 
227,)  that  the  distance  of  the  maximum  from  the  edge  of  the 
band  is  perhaps  reall^'  variable  in  cometary  spectra,  and  for  this 
reason  recommends  that  the  edge  of  the  band  and  not  the  maxi- 
mum, should  be  measured. 

I  believe,  however,  that  such  an  assumption,  which  is  in  con- 
tradiction to  all  the  fundamental  principles  of  spectrum  analysis, 
is  unnecessary,  and  that  all  these  anomalies  admit  an  extremely 
simple  explanation.  It  is,  very  probably,  exactly  this  great  sim- 
plicitj'  that  has  caused  this  explanation  to  be  so  long  overlooked. 
All  the  observed  phenomena  follow  from  this  circumstance;  that 
the  comet  spectrum  is  extremely  faint,  and  hence  the  observer  is 
compelled  t*)  use  a  low  dispei-sion  and  a  wide  slit.  He  will  al- 
ways make  the  slit  as  tian-ow  as  ])<)ssiblc,  ami  will  thcreft)re 
choose  difiereiit  slit-widths,  according  to  the  birghtncss  of  tlie 
comet  and  tiic  character  of  his  instruineiiL.  This  varvhii^  slit- 
wklth  is  tlw  CHUsv  of  nil  the  ohscrvcd  ,'tnomnlics.  as  I  shall  jiro- 
ceed  to  show." 

In  every  spectrum  a  sjicctral  line  is  an  image  of  the  slit.  If,  as 
is  ciistomnry  in  s])t'ctrometcrs,  the  lenses  of  the  cilliniator  and 
the  observing  telescope  have  the  same  focal  length   ttie  breadth 

*  In  the  work  hy  S.-liciiiLT,  iiK'ntiiirifd  ;iljovc.  nvc  it  iiuiiihi.'f  of  rcmiirks  on  Uie 
influence  of  till;  slic-wirltli  wlik'li  .nre  imt  cloar  to  me.  Srhiener  s.ays  (iiMjje  22(i), 
'■  With  a  widely  ojieiied  slit  the  shi'irit  e(l;;e  of  siieli  a  lunifl  is  of  nnifnnii  intensity 
within  the  1>rc;u1tli  ot  the  ini:i;,'c  of  the  slit,  ami  the  observer,  in  setting  on  the 
eitj;e  of  the  banil,  has  therefore  a  tem!eney  to  sch-et,  not  the  eil;je  ilself,  hnt  the 
midillc  ol  the  nniforni  hriyhtness,  hy  wliieli  .in  error  in  settiiii;  of  half  the  slit- 
width  toward  the  violet  is  eaiised."  As  [  will  show,  the  breadth  of  the  iinayc  of 
the  slit  is  not  of  nniforni  brij^htiiess  and  all  that  follows  rests  exactly  on  this 
point.  The  seeond  hrdf  of  tlie  senlenet  I  do  not  nnderstand.  If  the  intake  of  the 
edge  were  actually  of  "  nnitomi  brij^htness,"  the  setting  on  its  center  woidd  give 
CI  meaRnreraententirely  correct :  provided  only  that  the  standard  lines,  for  determ- 
ining the  \vave-len;^ths  from  the  moasnres,  were  measured  with  the  same  slit- 
width,  and  that  the  riiiddle  nf  the  iniaye  was  also  taken  in  their  ease.  Hnt  this 
re(i«irenient  is  so  obvious  that  Scheiner  conid  not  assntne  that  it  was  neglected 
hv  the  observer.  • 


of  the  line  is  the  same  ns  that  of  the  slit,  ( wiHrned  lines  being  of ' 
course  left  out  of  consideration).  In  whnt  follows  it  will  he 
assumed  for  the  snlie  nf  simplifitv  tlint  this  is  the  case.  *  Tlic 
breadth  of  the  hne  therefore  increa-ics  with  tlie  widtli  of  the  slit. 
This  is  no  detriincnc  to  meastirement  in  a  line-spec trum,  if  only 
the  st-ttiiij^  arc  tniide  on  thesinnc  pnrts  of  nil  the  hrofid  iningcd — 
center,  cdnc,  or  any  other  part  the  ol)Scrver  chooses. 

But  the  case  is  quite  difTercnt  when  ninny  lines  lie  close  to- 
gether, as  in  hands  or  flntinj^s;  by  the  «uiK>rpnsitian  of  the  hroaJ 
imnees  the  image  of  n  sinj^lc  hue  disnppenrs:  we  ohtnin  in  the 
Hpectnim  only  an  Increasing  and  diminishing  intensity,  which  at 
any  place  represents  the  sum  of  the  lines  that  full  then.-.  In  order 
to  obtain  conveniently  a  clear  view  of  the  eftect  produced,  let  us 
imnginc  tlie  whole  spectrum,  ns  projected  with  a  nnrrow  slit, 
(and  for  the  sake  of  brevity  I  will  call  this  the  Iriie  spectrum, 
that  given  tiy  a  wide  slit  the  apparent  spectrum),  divided  into 
narrow  strips,  each  of  which  we  may  regard  ns  having  a  con- 
stant mean  intensity.  The  breadth  of  each  strip  we  may  take  to 
he,  say,  2  Angstrom  nnits.  Now  let  the  slit-width  be  efjnni  to 
three  such  strips;  then  on  every  strip  of  the  apparent  spectmm 
fall  the  images  of  three  striiw  of  the  true  spectrum,  and  we  obtain 
the  intensity  of  a  strip  ol  the  apparent  spectrum  by  taking  in  the 
tme  one  the  sum  of  its  intensity  and  that  of  the  two  neighboring 
strips. 

Similiar  considerations  apply  to  every  slit-width,  for  which  the 
apparent  spectrum  may  be  found  thus:  consider  a  slit  of  the 
chosen  width  to  be  pushed  over  the  true  spectrum  successively 
from  strip  to  strip;  for  each  position  take  the  sum  of  the  inten- 
sities of  all  the  strips  covtfrcil  b^  the  slit,  and  the  result  is  the 
intensity  in  the  apparent  spcctrnm  of  the  strip  which  occupies  the 
middle  r)f  the  slit. 

It  is  now  very  easy  to  understand  the  conditions  if  we  assume 
that  we  are  dealing  with  a  band,  which  has  only  one  shar^i  edge, 
on  (say)  the. red  side,  and  which  falls  off  gradually  toward  the 
violet.  We  allow  the  slit  S,  whose  hreadth  is  equal  to  a  strips,  to 
pass  over  the  true  spectrum,  and  draw  the  apparent  spectrum  in 
accordance  with  the  foregoing  principles.  We  obtain  an  inten- 
sity for  the  first  time  when  the  advancing  edge  of  the  slit  has 
passed  over  the  first  stipof  the  true  s|}ectruni,  and  the  intensity 

*  Iti  re.tlilv  tlw  oVi»cTvtii;(  tctcAcofic  nil  til  I'll  I U"  ttocs  nut  conif  into  voitaiilcra* 
llou.  'lilt  only  tlie  iiiittk  wu'iternivil  liy  llir  i:d|;f*  m  tin:  tilii  as  MTCii  fii»iii  the 
uentcr  ni  the  collimnior  Dlyi-rtivr.  TIk'  C'KiiI  IniKiti  ot'  tlic  iclcsi-ope  is  n  niotitrof 
im)ilK-ti;i)L-r,  biiiFc  l)ic-<|i!i|H'r-Kirii:  Hni|  the  lo-inittl)  ot  tl)r  «ltL-ifnat;c  vnrv  to^t-llka' ; 
1  liiiii  with  niiy  I'l^'cil  IvuKtlvtlic  sxdk*  nnmlicroi  .\tiK«t rum's  uuitb  nrc  iucluitciJ  in 
the  imii£«.    It  is«hc  numWr  nlon<  which  is  (.-onci-Tm'd. 
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is  that  of  this  strip.  Thus  the  beginning  of  the  apparent  band  is 
displaced  toward  the  red  by  Vi  S.  As  the  slit  passes  on,  two, 
three,  etc.,  strips  of  the  true  siiectrum  gradually  fall  within  its 
limits,  and  the  intensity  of  the  apparent  band  thus  gradually  in- 
creases; but  continually  at  a  slower  rate,  since  the  strips  which 
are  added  are  always  of  diminishing  intensity.  As  soon  as  the 
slit  lies  for  the  first  time  in  the  true  band,  the  highest  possible 
maximum  of  intensity  is  reached,  for  an^''  further  motion  brings 
in  stfips  on  the  violet  side  which  are  weaker  than  those  which 
pass  out  on  the  red. 

Thus  we  find  that  our  apparent  band  begins  \-iS  further  toward 
the  red,  gradually  increases,  reaches  a  maximum  which  is  dis- 
placed \^S  toward  the  violet,  as  compared  with  the  edge  (and 
maximum)  of  the  real  band,  then  gradually  falls  off. 

Very  much  more  complicated  arc  the  relations  when,  as  in  the 
ease  of  the  carbon  bands,  wc  have  to  deal  not  with  a  single  band 
but  with  a  group  of  bands,  having  several  edges,  the  intervals 
between  which  diminish  in  passing  from  red  toward  the  violet 
and  are  filled  with  light  fnjm  the  gradually  weakening  bands. 
As  long  as  the  slit  is  still  narrower  than  the  average  distance  be- 
tween the  edges,  the  foregoing  considerations  hold;  the  begin- 
ning of  the  whole  group  of  bands  is  displaced  V^S  toward  the  red, 
and  every  maximum  V2S  toward  the  violet.  IJut  if  we  take  the 
slit  wider — as  wide  say,  as  the  distance  between  the  first  two 
edges — and  jigain  imagine  S  to  be  entering  the  true  hand,  then 
the  intensity  of  the  .'ipparent  band  will  begin  to  incrcjise  from 
zero,  and  will  reach  its  first  maximum  when  the  advancing  edge 
of  iS  exactly  touches  the  second  edge.  If  S  moves  further 
tow.'ird  the  violet,  the  first,  second,  .  .  .  strips  of  the  first  partial 
band  will  drop  out,  but  the  first,  second,  .  .  .  stri])S  of  the  sec- 
ond partial  band  will  come  in.  If  now,  as  actually  is  the  case  in 
the  carbon  hands,  the  second,  and  likewise  the  third  partial 
band  are  only  sl'ghtly  weaker  than  the  first,  the  motion  of  the 
slit  will  Ijring  in  strips  on  the  violet  side  of  nearly  the  same  in- 
tensity as  those  which  leave  it  on  the  read ;  /.  c,  the  intensity  of 
the  apparent  spectrum  over  a  certain  distance  will  diminish  very 
gradually.  Since  the  distance  of  the  thir<l  edge  from  the  second 
is  less  than  that  of  the  second  from  the  lirst,  the  intensity  will 
increase  rapidly,  on  continuing  the  motion  of  the  slit,  as  soon  as 
the  advancing  side  reaches  the  third  edge  of  the  band;  for  the 
strips  which  leave  the  slit  on  the  red  side  arc  last  and  faintest  of 
the  first  partial  band,  while  those  which  enter  on  the  violet  side 
are  the  first  and  strongest  t)f  the  third  partial  band.    The  second 
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raaximum  of  the  apparent  band  is  reached  when  the  following 
side  of  the  slit  reaches  the  second  edge,  and  this  maximnm  is 
greater  than  the  first  since  two  maxima  of  the  true  baind  con- 
tribute to  its  intensity.  In  like  manner  further  maxima  are  ob- 
tained whenever  the  foJIowing  side  of  the  slit  reaches  an  edge  of 
the  true  band. 

The  result  is  then  this  ;  that  we  see  a  group  of  bands  with  sev- 
eral edges,  but  which  has  the  following  peculiarities: 

(1).    The  band  is  also  diffuse  on  the  side  toward  the  red; 

(2).    The  edges  are  displaced  YjS  toward  the  violet ; 

(3).  The  first  maximum  is  less  insense  than  the  maxima  which 
follow  it. 

If  the  slit  is  allowed  to  become  still  wider,  the  following  condi- 
tions still  obtain: 

(1).  The  beginning  of  the  entire  band  is  always  displaced  %5 
toward  the  red; 

(2).    The  maxima  are  always  displaced  VqS  toward  the  violet. 

But  these  maxima  gradually  become  less  pronounced  as  the  slit* 
widens,  since  in  the  great  number  of  strips  which  are  to  be  sum- 
med up,  the  effect  of  any  single  strip  is  less.  No  general  statements 
can  be  made  with  regard  to  the  relative  intensities  of  the  different 
maxima.  The  anomaly  of  the  apparent  spectrum,  that  the  fol- 
lowing maxima  are  greater  than  the  first  may  exist,  or  it  may  be 
caused  to  vanish,  accdrding  to  the  assumptions  which  are  made 
as  to  the  rate  of  diminution  of  intensity  in  the  edges  of  the  bands 
in  the  true  spectrum.    In  any  case  it  is  less  pronounced. 

Since  now  the  distances  between  the  edges  of  the  partial  bands 
are  different  in  the  different  carbon  groups  of  the  cometary  spec- 
trum, and  since  above  all  the  dis]iersion  in  the  prismatic  spectrum 
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choose  the  fourth  group  of  bands,  whose  edges  are,  in  round 
numbers,  at  k  4737,  4715,  4697,  4685,  and  4677.  I  shall  consid- 
er the  spectrum  to  be  drawn  on  the  normal  spale;  the  ordinates 
represent  intensities,  and  the  spectrum  is  divided  into  strips  each 
two  Angstrom's  units  wide.  The  mean  intensity  of  each  strip 
must  now  be  estimated,  a  task  which  it  is  difficult  to  perform 
with  accuracy,  but  which  I  have  undertaken  to  perform  as  well 
as  possible,  with  the  aid  of  photographs,  many  of  which  were 
taken  by  myself  and  some  by  others.  I  shall  represent  the  inten- 
sity of  the  first  edge  by  20,  and,  on  this  scale,  estimate  the  inten- 
sities of  the  following  edges  to  be  19,  18,  16,  and  14.  In  the 
following  table  is  given  the  intensity  of  each  strip  into  which  the 
spectrum  is  divided.  The  strips  are  numbered  by  calling  the  strip 
corresponding  to  the  first  edge  0,  those  following  in  the  direction 
of  the  violet  1,  2,  .  .  .  .;  and  those  toward  the  red — 1,  —  2,  .  .  .  . 
The  table  shows  then  the  distribution  of  intensity,  (1)  with  a 
narrow  slit;  (2)  with  a  slit  whose  width  is  five  strips  =  10  Ang- 
strom's units;  (3)  eleven  strips  =  22  A.  U. ;  (4)  fifteen  strips  = 
30  A,  U. ;  (5)  nineteen  strips  —  38  A.  U. ;  (6)  35  strips  =  70  A.  11. 
In  each  case  the  maxima  are  made  conspicious  by  heavy-faced 
type. 

In  the  accompanying  figure  these  intensities  are  shown  for  the 
six  diflferent  cases;  but  the  ordinates  of  2  are  reduced  to  \,  those 
of  3  to  4,  those  of  4  to  J,,  those  of  5  to  i\,,  and  those  of  6  to  ■^. 
in  order  to  make  the  figure  sufficiently  small.  Thus  the  curves 
give  the  asi>eet  of  the  group  of  bands  as  seen  with  their  corres- 
ponding slit-widths. 

The  table  and  tlie  drawing  show  with  a  slit-width  of  10  Ang- 
strom's units  all  five  maxima,  but  each  is  displaced  5  A.  U. 
towards  thcviolet.  The  slit-width  of  22  A.  U.  shows  onlythe  first 
three  mnxima  eiich  displaced  11  A.  U.  in  the  same  direction;  but 
the  second  maximum  is  21  ix.'r  cent  brighter  than  the  first,  and 
the  tliird  34  per  cent  brighter.  The  slit-width  of  30  A.  U.  also 
gives  three  maxima  each  displaced  15  A.  V,.,  but  the  second  is 
only  4  percent  brighter  than  the  first  and  the  third  14  per  cent 
brighter.  With  a  slit-width  of  38  A.  U.  thesecond maximum  is  the 
highest  of  the  three  which  are  jiresent,  but  it  is  only  a  little  higher 
than  the  first  and  third.  These  last  however  are  so  little  elevated 
above  their  surroundings  that  they  would  hardly  be  visible,  and 
it  is  probable  that  only  the  second  maximum  would  be  measured, 
thus  showing  a  displacement  of  40  A.  U.  with  a  slit  only  38  A.  U. 
wide.  The  last  spectrum,  finally,  shows  only  one  maximum,  dis- 
placed by  half  the  slit  width;  of  the  second  there  is  present  only 
an  indication,  which  would  be  practically  invisible. 
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The  spectrum  of  a  comet  will  differ  from  the  appearances  des- 
cribed above,  io  that  the  beginning  of  the  band  will  not  seem  to 
be  displaced  Mi  S  towards  the  red.  As  we  have  seen,  the  begin- 
ning of  the  apparent  band  has  the  same  brightness  as  the  true 
edge  of  the  band  with  a  narrow  slit.  The  slit  is  however  made 
wide,  merely  because  this  brightness  is  not  sufficient;  it  follows 
therefore  that  the  beginning  of  the  apparent  band  is  also  invisible, 


and  with  the  same  slit-width,  the  place  at  which  the  band  seems 
to  begin  will  depend  only  upon  the  brightness  of  the  comet,  the 
character  of  the  instrument,  and  the  weather.  There  is  no  object, 
therefore,  in  measuring  this  place  of  beginning  unless  it  be  for  the 
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gives  a  displacement  which  is  too  small,  as  it  should  be  about  50. 
The  result  that  the  middle  band  is  often  less  incorrectly  measured 
than  the  others,  is  even  more  evident  when  the  separate  measure- 
ments are  regarded ;  those  collected  by  Hasselberg  as  well  as 
those  which  have  been  made  later.  From  them  it  would  almost 
appear  as  if  some  of  the  observers  had  measured  the  middle  band 
with  a  narrower  slit;  this  would  be  explained  by  the  greater 
brightness  of  the  middle  band,  allowing  the  use  of  a  narrower 
slit.  According  to  numerous  observations  by  Vogel,  Lindsay, 
Tacchini,  v.  Konkoly,  v.  Gotbard,  the  relative  intensities  of  the 
three  bands  (somewhat  different  in  different  comets)  are  about  as 
4: 10:  3.  When,  for  example,  in  the  comet  1881  III,  Harkness 
finds  the  displacements  141 ,  40,  65,  Vogel,  on  the  other  hand,  94, 
74,  39,  this  seems  to  me  to  indicate  that  Harkness  measured  the 
middle  band  with  a  narrower  slit,  and  Vogel,  more  correctly, 
with  a  slit  of  the  same  width  as  that  employed  for  the  other  two 
bands. 

The  measurements  of  the  visible  beginnings  of  the  bands  also 
agree  quite  well.  The  beginning  of  the  middle  and  brightest  band 
is  often  seen  to  have  a  greater  wave-length  than  that  of  the  true 
beginning.  Hasselberg's  mean  value  makes  the  beginning  of  this 
band  4  A.  U.  too  g^reat,  that  of  the  two  other  and  much  fainter 
bands  10  and  8  A.  U.  too  small. 

The  amount  of  the  observed  displacement  leads  also  to  not  im- 
probable slit  widths.  The  displacement  of  the  first  band  is  sel- 
dom as  much  as  100  A.  N.  With  mj'  apparatus  this  would  cor- 
respond to  a  slit-width  of  0.8  mm.,  but  with  a  smaller  disper- 
sion, such  as  no  doubt  has  generally  been  employed  in  observa- 
tions of  comets,  to  a  slit  much  narrower  than  this.  Tlic  displace- 
ment is  in  general,  however,  niiiterially  smaller,  so  that  it  would 
correspond  to  a  slit  width  of  0.1  to  0.3  mm.  In  those  cases  where 
several  maxima  were  seen,  the  displacement  is  small  since  a  mod- 
erately narrow  slit  is  essential  in  such  an  observation. 

A  more  definite  proof  of  my  explanation  would  be  possible  if 
observers  of  comet  spectra  would  publish  the  data  regarding  the 
dispersion  of  their  instruments  and  the  slit-width  employed  by 
them,  as  well  as  any  changes  which  were  i>erhaps  made.  But  so 
far  as  one  can  judge  without  this  information,  I  find  nocontradic- 
tion  between  my  conclusions  and  experience.  In  the  mean  time  the 
best  confirmation  seems  to  me  to  lie  in  this,— that  in  recent  meas- 
urements, whose  heightened  accuracy  we  owe  in  part  to  larger 
telescopes,  but  particularly  to  photography,  all  these  anomalies 
disappear,  and  the  cometary  spectrum  appears  as  a  true  carbon 


spectrum,  with  hands  of  exactly  the  same  position  and  structure 
a»  those  which  we  observe  in  our  lahoratorie*.*  Without  the  ex- 
planation of  the  origin  of  these  anomalies,  no  proof  would  how- 
ever yethnveljeen  brooj^ht  forward  that  the enrlicr  comets  also 
gave  the  ordinary  carbon  spectrum. 

In  closing  I  wish  to  mention  that  the  appenrenccfi  which  I  hare 
described  can  be  ohser^-ed  witliout  difficulty  in  the  laboratory. 
The  eTperitncnt  is  particularly  beatitiful  when  a  spectrometer  is 
used  with  a  Kruss  double  slit,  the  jaws  of  which  widen  symme- 
trically. If  the  carljon  arc  is  projected  on  the  double  slit,  and  one 
of  the  slits  is  opened,  it  will  be  seen  how  isolated  lines,  for  in- 
stance those  of  calcium  and  iron,  which  are  always  visible  in  the 
carbon  arc,  gra<UiHlIy  widen,  but  have  their  centres  alivays  in  the 
same  position  with  reference  to  the  narrow  lines  generated  by  the 
second  narrow  slit.  The  edges  of  the  carbon  bands,  on  the  con- 
trary, not  only  widen,  but  the  maxima  travel  in  the  direction  of 
the  shorter  wave-lengths.  It  is  also  easy  to  choose  the  breadth 
so  that  the  firet  maximum  is  weaker  Ihau  the  second. 


THE  THERMAL  RADIATION  FROM  SUNSPOTS.t 


W.B.  WILSON. 


These  observations  were  made  by  means  of  a  large  heliostat. 
lent  by  the  Royal  Society,  and  a  Boys'a  radio- micrometer.  The 
heliustat  consists  of  a  plane  silver-on-glass  mirror  of  15  in.  aper- 
tare.  It  is  mounted  cquatorially,  and  driven  by  a  clock.  When 
in  use,  it  is  adjusted  to  reflect  the  sunliglit  tu  the  north  pole,  and* 
as  long  as  the  dri\-ing  clock  is  kept  in  motion,  the  beam  of  light 
remains  fixed  in  that  position.  In  the  track  of  this  lienm,  and 
It  12  ft.  from  the  plane  mirror,  is  monntcd  a  concave  silver- 
lass  mirror  of  D  in.  aperture,  and  about  13  fi.  ftjcus.  Its  axis 
points  to  the  south  pole,  so  that  the  cone  of  rays  formed  by  it 
strikes  the  centre  of  the  plane  mirror,  and  a  short  distance  inside 
the  focus.  A  small  plane  mirror  mounted  on  the  end  of  an  arm  is 
then  so  placed  as  to  intercqjt  the  cone  of  rays,  and  reflect  it  hori- 

"  The  cxccllcnl  mtrnsiire*  nf  Campl>cll  which  I  recently  notiocd  (A.  N.  IViH, 
AftTHOKuuv  A\u  AsTKii-Piiv^rcs,  Miiivh.  issk+)  jilso  shuw  llmt  «ll  the  cdK«8o(tltc 
bniiJf  liuvc  a  wHvc-lirn);tti  1  or  2  A.  M.  too  stnnU,  Camptx-tl  himitclf  direets  nttcn- 
tion  to  thM.  liiit  he  (iocA  not  know  the  reason  tor  it.  I  conjt-cturt  ibat  hi»  slit 
width  must  hjiw  i.-orrcsiiundwl  to  ubout  3  Angstrom's  units. 

t  Pn:linitnurvN(rtt»  of  Obscrvuiiun«  mftdv  at  Doramonn.  Stnctc,  Co..  Wcst- 
meoith,  1893. 

t  Head  before  th«  Roynl  3<Kity,  London.    Commuoicated  by  tbe  anthor. 
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zontally  into  the  Observatory  window;  an  achromatic  lens  en- 
larges the  solar  image  which  is  formed  on  a  screen  in  the  room 
to  4  ft.  in  diameter. 

Behind  this  screen,  and  standing  on  a  pier  of  concrete,  is 
mounted  the  radio-mtcronieter.  The  aperture  through  which 
radiant  heat  reaches  the  sensitive  thermo-couple  is  a  round  hole 
drilled  through  a  thick  sheet  of  brass,  and  is  only  1  mm.  in  diam- 
eter. A  white  card-board  screen  is  placed  in  front  of  the  brass 
one  to  cut  off  heat  from  falling  on  the  latter,  and  is  provided 
with  a  hole  slightlj'  larger.  A  beam  of  lime  light  is  thrown  on 
the  mirror  of  the  radio-micrometer,  and  reflected  on  to  the  scale 
in  the  usual  way.  The  diagonal  mirror  of  the  heliostat  is  pro- 
vided with  slow  motions  in  two  directions,  which  are  moved  by 
long  rods  and  hook  joints  inside  the  observatory.  Thus  any  part 
of  the  Sun's  disc  can  be  placed  on  the  small  aperture  of  the  radio- 
micrometer,  and  the  driving  clock  will  then  keep  it  there. 

The  observations  are  taken  in  the  following  manner.  A  small 
screen  is  placed  over  the  aperture  of  the  radio-micrometer,  and 
the  zero  position  of  the  spot  of  light  on  the  scale  noted.  The 
screen  is  then  removed,  and  the  umbra  of  a  Sun  spot  placed  on 
the  aperture.  The  reading  is  then  taken  and  entered  in  column  u. 
The  image  is  then  moved,  so  that  a  part  in  the  neighborhood  of 
the  spot,  but  at  the  same  distance  from  the  centre  of  the  solar 
disc,  is  placed  on  the  aperture.  This  reading  is  entered  in  column 
N.  Finally,  a  reading  is  taken  at  the  centre  of  the  disc,  and 
entered  in  column  C.  The  throws  of  the  instrument  are  then  got 
by  subtracting  the  figures  in  columns  u,  N,  and  C  from  the  zero. 
The  deflections  of  the  instrument  have  been  experimentally 
proved  to  be  strictly  proportional  to  the  amount  of  radiant  heat 
falHng  on  the  thermo-couple.  The  following  is  a  typical  observa- 
tion taken  August  7, 1893,  of  a  large  Sun  spot  then  visible.  The 
umbra  of  this  spot  measured  0.8  in.  across  on  the  screen,  so  that 
the  aperture  of  the  radio- micrometer  was  only  covering  about 
,^5  of  the  area  of  the  umbra. 
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The  Thermal  Radiation  from  Saa-Spots. 


The  ratio 


Timhrti  of  apot 


1.31 


=  0.202. 


neighboring'  photosphere      'iAO 
Five  concordant  readings  gave  n  mean  deflection  of  4.57  for  the 

centre  of  the  Sun,  which  gives  for  the  ratio  —''  =  0.287. 
'  *  centre 

This  spot  was  at  a  distance  from  the  centre  of  the  disc  of  about 
0.4. 

As  t)ic  radiation  from  Ihc  photosphere  falls  off  from  the  centre 
to  the  edge  of  the  dLsc.it  seemed  an  interesting  point  to  determine 
if  any  change  in  the  ratio  of  « 'C  would  take  place  as  a  spot  was 
carried  across  the  disc  hy  the  Sun's  rotation.  If  the  apot  is,  as  is 
generally  Uionght,  a  depression,  the  absorption  of  heat  onght  to 
increase  ns  it  is  carried  towards  the  limb,  on  account  of  the  m- 
crcasrd  depth  in  the  solnr  atmosphere  through  which  the  radia- 
tion wonid  have  to  pass.  On  the  other  hand,  if  tlic  apot  was 
floating  Jiborc  the  absorbing  atmosphci-c  the  radiation  from  it 
woidd  remain  constant  in  any  position  on  the  solar  disc. 

The  following  is  the  value  of  the  heat  radiation  from  the  photo- 
sphere taken  along  a  radius  of  the  Sun,  where  0  =■  centre  and  100 
the  limb.    The  radiation  R  equals  100  at  the  centre* 


It  will  be  seen  by  the  following  observations  of  spots,  taken 
from  .\ugust  5  to  November  9,  that  there  is  distinct  evidence  that 
the  rtidiation  from  the  spot  docs  not  frill  off  as  rapidly  when  near 
the  limb  as  the  neighboring  photosphere;  in  fact  the  ratio  n/C  re- 
mains  nearly  constant,  whereas  the  ratio  h  X  gets  nearer  unity 
as  the  spot  approaches  the  limb.  The  spot  observed  on  the  22d 
of  October  is  a  good  example,  as  the  same  sjiot  was  obser\-c<l 
again  on  the  26th,  29th,  and  on  the  30th,  when  it  had  reached 
within  a  distance,  D,  of  05  from  the  center.  It  will  be  seen  that 
on  these  four  dates  the  ratio  u/C  was  respectively  0.33S,  0.360, 
0.313.  0.356.  whereas  the  ratio  u,  N  was  0.340,  0.410,  0.706, 
0.783. 

*  "Th«  AliiKirntion  of  HcM  in  the  Rolnr  .\imosphcre,"  by  \V.  B.  Vfibon  and 
A.  A.  Rnmliaat,  '  Procewliuji*  o*"  »!>*  Roval  Irish  Academy,  *  flrd  bcHc*,  toI.  3, 
No.  3  MtintWy  KolJces,  vol.  37.  No.  1. 
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a  a 

Date.  g  D  ^ 

1893.     Aug.     5 0.370  0.427  60 

7 0.287  0,292  40 

8 0.286  0.323  50 

J* 0.339  0.377  40 

8 0.418  0.512  90 

H 0-364  0.373  50 

19 0.368  0-375  50 

Sept.    2 0.309  0.309  10 

3 0.298  0.298  lO 

4 0.420  0.450  30 

4 0.430  0.446  30 

7 0.287  0.355  85 

Oct.      1 0.398  0.401  30 

1 0.489  0.570  8b 

22 0.338  0.349  S3 

26 0.360  0.410  40 

29 0.313  0.706  90 

30 0.356  0.783  95 

Nov.     8 0.365  0.800  97 

9 0.330  0.848  85 

Langley,+  in  1874  and  1875,  measured  the  radiation  from  the 
sun  spots.  He  used  a  thermo-pile  and  galvanometer,  and  ob- 
tained as  the  mean  of  his  results  a  ratio  of  0"54-  ±  0"05. 

His  method  was  first  to  take  a  reading  in  the  neighbourhood  of 
the  spot,  but  between  it  and  the  centre  of  the  disc.  He  then  took 
a  reading  in  the  umbra,  and,  finally,  a  third  reading  iu  the  neigh- 
bourhood between  the  spot  and  the  edge  of  the  sun. 

The  mean  of  the  two  photospheric  readings  he  used  as  a  divisor 
for  the  umbral  reading.  He  then  says,  "The  decrement  of  heat 
as  we  approach  the  limb  is,  though  not  exactly,  yet  so  very 
nearly,  in^the  same  ratio  for  photosphere  and  spots,  that  no 
correction  is  needed  on  this  account  for  the  present  observa- 
tions." 

If  Langle\'  failed,  through  want  of  instrumental  means,  to 
notice  the  difference  l)ct\vecn  the  absorption  in  a  spot  and  the 
photos])here  near  the  limb,  his  method  would  make  his  umbral 
readings  too  high.  The  mean  of  twenty  observations  here  equals 
0.35G,  against  Langlcy's  0.54-.  This  is  a  serious  difference,  and, 
1  think,  can  only  be  accounted  for  either  by  the  use  of  superior 
instrumental  means,  or  by  a  possible  variation  in  the  radiation 
of  spots  in  different  years  of  the  Sun-spot  cycle. 

It  is  difficult  to  see  how  too  low  a  value  for  umbral  radiation 
could  be  got,  whereas  too  high  a  one  might  be  found  by  want  of 
definition  and  trembling  in  the  image,  so  that  some  of  the  pen- 
umbra! radiation  would  reach  the  thermo-couple. 


EXPERIMENTAL  INVESTIGATIONS  ON  THE  EFFECTIVE  TEMPERA- 
TURE  OF  THE  SUN.  MADE  AT  DARAMONA.  STREETE.  CO.  WEST- 
MEATH. 


W,  B,  WrLAOX.  M-  R.  I.  A..   ASP  P.  I.   CRAY,  B.  Sc. 


The  only  tolerably  complete  si.*rii"s  of  invcstigntions  on  ihis  suh- 
jwi  up  to  the  present  time  have  been  those  of  Rossetti  and  l*c 
Chftte]ier.  The  results  given  by  other  writers  ha^  depended 
r.iore  or  less  on  piicases  relative  to  the  law  connecting  riidiiition 
and  temperature,  aiul  difierences  on  this  point  aUme  ha^x  given 
values  varying  between  1500°  and  3.000.000°  to  5,00(»,000°  C. 

Rnssetli  worked  with  a  thermopile  exposed  directly  to  the  lieni 
of  the  Sun;  the  law  connecting  the  deflections  of  the  galviino< 
meter  with  the  temperature  of  an  artificial  source  of  heat  h/ivirR 
been  obtained  up  to  a  tcmjjeratnre  of  nhttiit  2000^  C,  from  the 
deilection  produced  by  the  Ileal  of  the  Sun  the  solar  lempernture 
was  calculated  by  extra-polation. 

Le  Cli^ltelier  worked  on  an  entirely  difTerent  principle,  measur- 
ing  the  intensity  of  the  light  transmitted  through  n  certain  piece 
of  red  glasa.  first  from  sources  at  known  temi>cratures  up  to 
1700"  or  1800",  and,  secondly,  from  the  Sun.  the  temjwrature  of 
which  was  then  olitaincd,  as  in  Riissetti'scase.  by  a  ]>n)cess  of  ex- 
tTa-polatii>n,  which  is,  of  course,  nccessarj*  in  any  method,  until 
we  can  raise  substances  tu  a  tcm[KTatiirc  actually  ns  high  as  that 
of  the  Run,  an  experiment  at  present  im])ossil>le. 

Rossetti  oblaine<l  finally  a  temperature  of  10.000*^  C,  approxi- 
matcly,  while  Le  Chatelier  gives  7G00^  (  ±  lOOO'")  as  the  mean  of 
his  results.  In  the  pii|KT  the  ditVerence  l>eLween  Rossetti's  result 
and  our  own  (0200^  C.)  is  discussed,  and  u  possible  csulanation 
given. 

The  method  adopted  by  the  authors  is  a  zero  method,  and  the 
essentiid  point  is  the  bnlnitcmg  of  the  heat  from,  the  Sun  with 
that  from  a  pliilinum  strip  heated  to  a  hi^h  known  temperature. 

The  nrtilieifil  srturee  of  heat  was  n  niiMliticd  fonn  tjf  Joly's  niel- 
rtomctcr,  the  calibration  of  which  can  l>e  performed  with  a  very 
high  dei^rec  of  accuracy.  The  "  radiiitinn  balance"  is  a  fcjrm  of 
Buys's  rudio-micrameter  coiiiaiuing  a  duplex  circuit,  so  designed 
that  the  heat  Irum  the  Sun  can  be  made  to  exert  a  turning  mo- 
ment in  the  opposite  direction  to  that  due  to  the  artificial  source 
of  heat,  and  by  making  the  apparent  area  of  the  latter  suificient- 

*  Abstrnn  at  pnpcr  rmd  before  the  Ro^aI  Society,  Lnndoo.    Commeuieateil 
by  the  anttiore. 
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ly  great,  the  radiation  from  it  may  be  increased  so  far  as  to  equal 
that  arriving  at  the  radio-micrometer  from  the  Sun. 

The  following  points  are  considered,  after  descriptions  of  the 
method  and  apparatus  have  been  given: 

1.  The  law  connecting  radiation  and  temperature. 

This  is  probably  the  most  important  factor  in  the  value  of 
the  final  result.  Numerous  investigations  on  the  point  have 
been  made,  which  are  referred  to  in  the  paper. 

After  a  careful  series  of  experiments  we  have  come  to  the 
conclusion  that  (at  least  for  bright  platinum)  Stefan's  "law 
of  the  4th  power"  holds,  /.  e.,that  for  high  temperatures  (say 
over  600°  or  700°  C.)  if  R  =  the  radiation  from  a  source 
whose  absolute  temperature  is  T,  then 

Rx  T*, 
a  result  not  wanting  confirmation  both  experimental  and 
theoretical. 

2.  The  emissive  power  of  platinum  at  high  temperatures  com- 
pared with  that  of  lamp-black. 

On  this  point  the  value  obtained  by  Rossetti  was  used, 
some  considerations  l>eing  given  in  support  of  his  figures. 

3.  The  amount  of  the  atmospheric  absorption. 

This  is  fully  discussed,  and  again  the  value  obtained  by 
Rossetti  is  used. 

Langley's  theoretical  value  for  percentage  absorption  of 
radiation  from  a  liody  in  the  zenith,  viz., 41  per  cent,  is  shown 
to  be  possibly  too  great ;  Rossetti  obtained  29  per  cent,  which 
appears  to  be  the  value  best  sup|)Ortcd  by  experiment. 

The  climate  of  Ireland  entirely  prevents  a  systematic  series 
of  investigations  on  this  jiarticular  point. 

Several  subsidiary  questions  are  also  discussed,  and,  finally,  the 
results  of  about  sixty-nine  observations  are  given,  which  lead  to 
a  final  mean  result  for  the  effective  solar  temperature  of  6200°  C, 

It  is  pointed  out,  in  conclusion,  that  the  method  would  prob- 
ably give  excellent  results  if  adopted  in  some  country  in  or  near 
the  tropics,  where  atmospheric  conditions  can  be  trusted  to 
remain  more  constant  for  some  weeks,  or  even  days,  together, 
and  where  a  series  of  observations  taken  at  the  same  part  of  the 
year  throughout  the  period  of  a  sun-spot  cycle  might  be  hoped  to 
settle  the  question  of  how  (or  if)  the  solar  temperature  varies 
during  this  time,  as  any  error  in  the  absolute  value  obtained  may 
probably  be  considered  constant,  so  that  comparative  values 
from  year  to  year  might  be  trusted  to  indicate  any  change. 


8PBCTRA  OF  THE  GREAT  NEBULA   IN  ORION   AND  OTHER  WELL- 
KNOWN  NEBULifB.' 


W.  \V.  CAAlPBEtL. 


A  cnrefiil  study  of  the  new  star  in  Anrij^a,  made  after  its  redis- 
coverj*  in  August,  1802.  nt  Lick  Obscrvatorj'.  led  nic  to  the  con- 
clusion that  its  spectnini  was  ncbuhir.  In  oriitT  to  L-stabliKh 
that  conclusion  npon  a  perfectly  firm  basis,  I  investigated  tbc 
spectrum  of  the  Novii  and  of  several  well-known  ga.scous  nebnlie 
as  thoroughly  as  our  instninicntal  means  would  [KTmit.  The 
observations  of  the  nebnla;  were  made  principally  in  September 
and  October.l8i12,nnd  July, 1893, and  lists  of  nearly  all  the  bright 
lines  observed  were  published  in  several  journals, t  without  com- 
ment, simply  for  their  bearing  upon  the  qucBtionn  relating  to  the 
new  star's  spectnim.  The  investigations  were  continue*!  on 
several  nights  in  Sept.  and  Oct.  ISOS.and  on  occnsionol  nights 
during  the  past  winter,  for  the  information  which  might  be 
gained  concerning  the  nebular  spectrum  itself.  AH  the  observa- 
tions of  the  nebula;  are  brought  together  in  the  present  paper, 
and  discussed  to  a  very  limited  extent. 

Unless  otherwise  stated,  the  observations  were  mode  with  the 
36-inch  equatorial  and  the  large  Ilrashenr  spectroscope,  using  a 
21-inch  collimator,  a  dense  60°  prism,  lOVVinch  view  telescope 
and  magnifying  power  of  13  in  visual  work,  and  a  lOl^-ineh 
camera  in  photograjihic  work.  It  is  unnecessary'  to  say  that  this 
3pectrosco|>c  is  satisfactory  and  efficient  when  used  visually.  We 
shall  now  show  that,  theoretically,  it  is  also  very  efficient  in 
photographing  bright-line  s|iectra  of  large  objects.  The  breadth 
aiid  leugth  of  a  monochromatic  bright-lined  image  formed  on  the 
photographic  plate  are  substantially  independent  of  the  dispers- 
ing medium  used  (prisms  or  gratings) ;  and  for  any  given  width 
of  slit,  vary  directly  as  the  focal  length  of  the  camera  lens.  The 
intensity  of  the  bright-Hne  image  upon  the  sensitive  plate  will 
therefore  vary  inversely  as  the  square  of  the  length  of  the  camera. 
If  the  collimator  and  camera  arc  of  equal  lengths,  as  is  usually 
the  case,  the  image  of  any  bright-line  on  the  plate  and  the  image 
of  the  same  bright  line  in  tbc  slit  will  be  equal  to  each  other  in 
size  and  intensity,— neglecting  loss  by  absorption,  etc-  But  if  the 
camera  is  only  half  the  length  of  the  collimator  the  area  of  tlic 

*  CoiumuaicntcH  ))V  the  autlior. 

•  Kspccialk  in  Pnhltcatior?  A.  S,  P.  for  Ike,  l«y2.  nnd  Sept..  ISSkS;  Autkon- 
oMv  AKu  A«T»u-PiiViiics  for  OcioIkt,  1802.  ami  October,  1803;  unil  Aatronoat' 
itebe  l^Mcbricbtea,  Nos.  313U  and  3189. 
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photographic  image  will  be  decreased  four-fold,  and  its  intensity 
increased  four-fold.  If  the  camera  is  only  one-fourth  the  length  of 
the  collimator,  the  intensity  will  be  increased  sixteen-fold.  The 
advantage  of  using  a  short  camera  and  long  collimator  for 
recording  faint  lines  is  therefore  very  great.  The  principle  applies 
effectively  to  the  study  of  all  large  objects  yielding  bright-line 
spectra :  comets,*  large  nebula,  aurora  borealis,  etc.  It  is  es- 
pecially applicable  to  the  photography  of  faint  lines  in  the  plane- 
tary nebuls  in  case  the  focal-length  of  the  telescope  is  long :  since 
in  that  case  the  images  of  the  nebulae  on  the  slit-plate  are  of  con- 
siderable size,  a  wide  slit  can  be  used,  and  the  reduced  and  inten- 
sified images  on  the  photographic  plate  are  still  sufficiently  large. 

The  scale  of  the  photograph  is  reduced,  it  is  true,  by  reducing 
the  length  of  the  camera ;  but  the  loss  can  be  made  up  in  part  by 
using  a  denser  prism,  or  entirely  by  using  more  prisms.  I  was 
able  to  use  a  very  dense  prism  to  advantage;  for  though  it 
absorbed  ultra-violet  light  considerably,  chromatic  aberration 
prevents  me  from  photographing  beyond  He,  except  in  very  large 
objects. 

It  will  be  seen  that  a  three  hours'  exposure  with  the  spectro- 
scope described  above,  using  the  lOVi-inch  camera,  would,  for 
recording  faint  bright  lines  in  large  objects,  be  equivalent  to  an 
exposure  of  at  least  12  hours  with  the  same  telescope,  and  any 
spectroscope  whose  camera  and  collimator  were  of  equal  lengths. 

The  ratio  of  focal  length  to  aperture  is  unusually  large  in  the 
36-inch  equatorial,  being  19  :  1.  We  may  assume  15  :  1  as  the 
average  value  of  that  ratio  for  refractors  now  in  use.  In  the 
matter  of  the  intensity  of  nebular  images  on  the  slit  plates,  the 
average  refractor  would  have  an  advantage  over  the  Lick  refrac- 
tor of 

_l  1 

(lo)-'  ■  {\\))\ 

or  as  1.62  : 1.  If  now  tlie  average  refractor  be  cquijjpcd  with  a 
spectroscope  whose  colliniiitor  £iiul  canieni  arc  eijual  in  length, 
and  the  Lick  spectroscope's  ciimcra  be  oiih-  half  as  long  as  its  col- 
liniatcr,  the  advantage  of  the  Lick  api)aratus  over  the  other  in  re- 
cording faint  netjular  lines,  becomes  as  2.49  :  1.  In  one  photo- 
graph I  used  a  camera  only  5',4  inches  long;  ;'.  e.,one  fourth  of  the 
focal  length  of  the  collimater,  which  would  have  increased  the  ef- 

•  The  use  of  the  short  camera  in  phiHograpliiiij?  the  spectrum  of  Comet  b 
1893  cniiblcd  me  to  record  2o  briglit  lines  with  an  exposure  of  abnnt  an  hour.  If 
the  collimator  and  camera  had  been  of  equal  lengths,  an  equivalent  exposure 
would  have  been  at  least  four  hours,  whicli  was  not  possible.  I  could  haYC  se- 
cured probably  not  more  than  six  lines. 


riency  at  least  four-fold  more;  but  the  short-focus  lens  was  hI- 
"taost- wholly  uncorrtxtcd  an<l  gJiyc  poor  dehnition. 

Practically  the  s}>cctroscoiw  is  not  so  efficient.  It  was  dcsignt 
wholly  for  visual  oUservations,  and  when  usmI  photogrnphically 
the  effects  of  flexure  enter  so  seriously  as  to  limit  the  corapkte>j 
ncss  of  the  work  in  many  directions.  The  shifting  of  the  imai 
during  a  long  exposure  prevents  the  nccurate  measurement  of 
wave-lengths,  spoils  the  definition,  and  to  some  extent  prevcntjf 
the  recording  of  the  faintest  lines.  Exposures  ou  the  same  plate 
during-two  or  more  nights cau  not  safely  be  made. 

I  have  several  times  measured  the  wave-lengths  of  the  principal 
visual  line  in  the  Orion  Nebula,  G.  C.  +373,  G.  C.  439(J  and  N.  G, 
C.  7027;  hut  only  for  the  purpose  of  testing  the  adjustments  of 
the  spectroscope.  In  no  case,  1  believe,  did  the  resulting  velocities 
in  the  line  of  sight  ditTer  more  than  two  miles  [>er  second  from  the 
splendid  results  obtained  by  Dr.  Keeler  in  1H90.  Further  than 
this,  I  have  made  no  measures  of  the  nebulte  with  high  disper- 
sion. 


Ths  Great  Nebula  ix  Orion. 
VmtsI  Ohser\-ations. 

The  spectrum  of  this  remarkable  ncbnla  has  engaged  the  atten- 
tion of  a  great  many  observers.  A  history  of  their  work  would 
be  interesting  and  valuable :  but  it  were  belter  written  by  others ; 
ajid  lack  of  space  here  prevent."  all  references  to  former  observa- 
tions, except  those  bearing  upon  what  we  may  regard,  up  to  the 
present  at  least,  as  unset tietl  problems. 

The  visual  spectrum  has  lx*en  ol/served  by  I)r.  Iluggins  and 
Trofesswr  Vogel  for  the  puri>osc  of  determining  whether  the  rela- 
tive intcnsilies  of  the  bright  lines  vary  in  different  parts  of  the 
nebula.  Their  results,  slightly  diflerenl,  are  best  given  by  the 
following  t|uotaLio«8,  which  form  an  essentially  complete  liistorj- 
of  the  subject. 

1.  "1  ha\'e  suspected  that  the  relative  binghtness  of  tbis  line 
(HA)  varies  slightly  in  different  parts  of  this  nebula.  It  may  be 
estimated  jnrrhaps  in  the  Nebula  ot  Orion  at  about  the  brightness 
of  the  second  line  (4-OG).  The  second  line  suffers  iu  a])pare(ic  bril- 
liancy from  its  nearness  to  the  bri^htoet  line  (501),  and  may, 
without  due  regard  to  this  circumstance, be  estimated  as  brighter 
than  the  third  (H/i)  line."  Huggins.  in  Pbi'f.  TraasacUoas,  1808, 
p.  545. 
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2.  *'  An  iavestigation  of  the  different  parts  of  the  nebula  gave 
the  results  that  the  three  lines  (501,  496,  H/S)  were  everywhere 
present  and  that  their  relative  intensities  remained  always  con- 
stant."—Vogel  in  Astr.  Nacb.,  No.  1864,  1871,  August. 

3.  "  The  brightness  of  these  lines  (H>S  and  Hy)  relatively  to  the 
first  (501)  and  second  (496)  lines  varies  considerably'in  difierent 
nebulce;  and  I  suspect  that  they  may  also  vary  in  the  same  neb- 
ula at  different  times,  and  even  in  different  parts  of  the  same  neb- 
ula ;  but  at  present  I  have  not  sufficient  evidence  on  these  points." 
— Huggins,  in  Proc.  Roy.  Soc.,  1872,  May. 

4.  "  .  .  .  In  the  visible  region  there  is  no  known  alteration  of 
the  spectrum  of  the  four  bright  lines,  except,  it  may  be,  some 
small  differences  of  relative  brilliancy  of  the  lines."— Huggins,  in 
Proc.  Roy.  Soc.,  vol.  46, 1889. 

From  the  foregoing  observations,  astronomers  have  generally 
held  the  opinion  recorded  by  Miss  Gierke,  that  there  is  a  "  funda- 
mental sameness  of  the  visible  spectrum  of  the  nebula  through- 
ought  its  entire  extent."— 06servatorj',  1889,  p.  368;  System  of 
the  Stars,  p.  80. 

My  observations,  made  Oct.  17  and  18,  1893,  lead  to  a  very 
different  conclusion;  for  I  found  that  the  relative  intensities  of  the 
three  lines  at  wave-lengths  5007,  4959,  4861,  which  constitute 
the  principal  part  of  the  visible  spectrum  vary  within  wide  limits 
as  the  slit  of  the  spectroscope  is  moved  over  the  different  parts  of 
the  nebula.  For  the  brightest  parts  of  the  nebula,  in  the  vicinity 
of  the  tropcziiini,  the  relative  intensities  of  these  lines  are  approx- 
imately as4  :  1  :  1.  Rutmany  of  the  regionsof  medium  brightness 
give  a  spectrum  in  which  the  tirst  and  third  lines  are  about  equal- 
ly intense:  while  for  many  of  the  faint  portions,  especially  those 
on  the  south  and  w^cst  borders  of  the  nebula,  the  third  line  is 
brighter  than  the  first.  The  isolated  portion  northeast  of  the 
Trapezium  surrounding  the  star  Bond  No.  734,  yields  a  spectrum 
in  wliich  the  third  line  is  much  stronger  than  the  tirst;  indeed  for 
some  parts  of  it,  the  third  line  is  at  least  five  times  as  intense  as 
the  first.  It  sometimes  liajipeiis  that  of  two  adjacent  portiims  of 
the  nebula  in  the  slit  iit  the  same  time  the  first  line  is  stronger 
than  the  third  for  one  part,  and  the  third  line  is  stronger  than  the 
first  lor  the  other  part. 

The  ratio  of  the  intensities  of  the  first  and  second  lines  appears 
to  remain  practically  constant  at  4  :  1.  The  second  line  is  much 
fainter  than  the  third  in  nearly  all  parts  o(  the  nebula.  In  gen- 
eral the  up  hydrogen  line  is  relatively  very  strong  in  the  faint 
outlying  regions.   It  is  relatively  strongereven  in  the  bright  region 


arannd  the  Trnpezium  than  in  any  other  netiuln  I  have  examintnl 
except  possibly  the  planetary  nebula  S.  D.  M.  12°  1172.  As  Dr. 
Hu^gins  has  pninted  out,  "the  second  line  aunfers  in  apparent 
brilliancy  from  its  nearness  to  the  brightest  line."  With  low  die- 
I)ersion  it  seems  cnnsiderably  fainter  than  Ihe  H/?  line,  even  in  the 
vicinity  of  the  trapezium.  But  when  the  vei-j-  bright  first  line  is 
covered  with  a  heavy  micrometer  wire,  the  second  line  is  seen  to 
be  fully  as  bright  as  the  third.  This  point  was  further  tested  by 
nsing  two  gratings,  in  the  first,  second  and  third  orders,  with 
which  the  second  and  third  lines  become  very  faint  ond  widely 
separated.  By  narrowingthe  slit  until  the  lines  were  rendertti al- 
most invistblr,  the  second  line  was  seen  with  certainty  to  be  a 
very  little  brighter  than  the  third  line:  hut  of  course  this  result 
holds  true  only  for  the  densest  parts  uf  the  ncbula. 

Thccfise  with  which  these  observntiutis  can  be  made  is  due  in 
part  to  the  fad  that  the  image  on  the  slit-plate  is  large. 

The  wiiiths  of  the  three  brigluest  lines  were  carefully  examined, 
as  far  as  possible  in  all  paris  ol  the  nebula,  to  sec  if  any  portion 
gave  lines  not  truly  monochromatic.  A  60°  prism  and  the  first 
four  orders  of  gratings  were  used.  Xo  variation  in  ihcir  breadths 
were  detected.  The  lines  everywhere  appear  t<i  be  truly  mon- 
ochromatic images  of  the  slit. 

The  continuous  spectrum  can  \m  seen  in  all  the  fairly  bright 
parts  of  tiie  uehula.  It  seems  to  be  at  least  as  strong,  relatively, 
in  the  faint  portions  as  in  the  bright  ones.  I  obtained  the  im- 
pression that  it  is  relatively  strong  in  the  faint  nebulosity  sur- 
rounding the  star  Bond  Xo.  734-. 

In  addition  to  the  three  prominent  lines  and  the  easily  observ- 
able Ur  line,  all  of  which  were  discovered  by  Dr.  Huggins,  the 
lines  discovered  by  Copeland*  at  t>,  and  A  -l-ATG  are  visible  in  the 
brightest  part  of  the  nebula.  Two  measures  of  the  I),  line  in 
October,  189.3.  gave  587-1  ns  its  wave-length.  1  have  not  been 
able  to  sec  the  lines  observed  by  Taylorf  at  A.">592.  A  5200,  ^4-703, 

On  several  nights  in  October,  1SU3, 1  carefully  examined  the 
spectra  of  the  principal  titars  in  the  nebula  fur  bright  and  dark 
lines.  These  stars  are  Struve's  Tra])ezium  stars  A,  U,  C,  X),  and 
Bond's  Nos.  685,  70S.  734.  7'H.  Xo  bright  lines  were  seen  in 
any  of  them.  SiJccial  care  wiis  taken  in  oljserving  stars  C  and 
Xo.  6S5  (Flamsteed's  -,  and  -.).  but  I  was  unable  to  verify 
Espin'st  1890  observations  that  they  contain  bright  lines.    Hfi 

*  Afonibh-  KoticeM,  R.  A.  S..  vol.  *«.  i»p.  3R0-2. 
f  Muuthly  Nvliixs.  R.  A.  S..  vol.  49.  pp.  134-fl. 
t  Aatronomisebe  Sachnehun,  No.  38US. 
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was  observed  to  be  dark  in  No.  685,  and  probably  also  ir  star  C. 
H/J  was  observed  to  be  dark  in  No,  734.  No  other  dark  lines 
were  seen  with  certainty  in  any  of  the  eight  stars.  The  points  of 
intersection  of  the  stellar  sjiectra  with  the  bright  nebular  lines 
were  especially  examined  for  bright  and  dark  lines.  In  every  case 
it  was  judged  that  the  stellar  si>ectra  were  strictly  continuous  at 
X  5007  and  A  4959,  and  contained  dark  H/^  lines,  for  the  follow- 
ing reason:  The  nebular  lines  in  the  immediate  vicinity  of  the 
Trapezium  are  neither  brighter  nor  fainter,  perceptibly,  than  they 
are  just  to  either  side  of  it;  so  that  if  we  pnss  the  slit  between 
and  not  including  those  stars,  the  spectral  lines  furnish  no  clue 
that  those  stars  are  very  near.  The  intersections  of  the  stellar 
spectra  with  the  bright  lines  A  5007  and  A  4U59  are  certainly 
slightly  brighter  than  the  continuous  spectra  of  the  stars  just  to 
one  side  of  the  points  of  intersection,  as  would  be  the  case  if  at 
the  intersections  the  bright  nebular  lines  and  continuous  star 
spectra  are  superposed.  At  the  H/i  intersections  there  seemed  to 
be  little  or  no  increase  of  brightness,  as  would  be  the  case  if  the 
H/3  star  lines  are  dark.  Hut  all  visual  observations  of  this  kind 
may  be  more  or  less  uncertain;  and  the  photographic  observa- 
tions, referred  to  on  a  later  page,  are  more  decisive.  The  visual 
observations  are  made  best  with  gratings. 

PhotOf^rnphic  Observntions. 

One  very  successfid  photograph  of  the  spectrum  was  obtained 
on  Oct.  11,  1892.  The  i)hotographic  field  was  terminated  at 
A  383  by  the  narrow  camera  tube.  Sixteen  prominent  lines  were 
recorded  between  A  501  and  A  383,  besides  some  very  faint  ones. 
A  list  of  18  of  these  lines  was  printed  in  A.  and  A.-F.  for  October, 
1893,  pp.  723-4,  with  no  discussion  lieyond  the  statement  that 
the  photograph  presented  almost  no  i)oiiits  of  resemljlance  to  Dr. 
and  Mrs.  Huggins'  1.S88  photograi>ti  of  the  same  region.  I  fur- 
ther said  that  12  of  the  IH  lines  were  "  not  previously  observed." 
The  number  twelve  is  not  correct;  fori  have  since  found  that 
Lockyer*  and  Fowler  obtained  five  spcctoscopic  negatives  of  this 
nehula  on  Feb.  2,  8,  9,  10,  11,  1S90,  witli  which  my  negative  ap- 
pears to  be  more  or  less  identical.  I  now  take  pleasure  in  credit- 
ing them  with  the  discovery  of  some  of  those  twelve  lines,  and 
regret  the  temjiorary  injustice  done  them.  Likewise  another  one 
of  the  twelve,  the  hydrogen  line  A  3S3G,  was  observed  by  Dr.  and 
Mrs.  Huggin9,t  whose  photographs  were  made  on  March  14, 15, 

•  Lockycr's  pa|>cr,  read  liefoic  the  Royal  Society  on  Feb.  13,  1S90,  is  in  Proc. 
Roy.  Soc.  Vol.  48,  pp.  l'J9-2(H. 

t  Dr.  nntl  Mrs.  HuRgiiis'  pa])er.  comniunicntcd  to  the  Roval  Society  on  April 
16,  1890,  is  in  I'roc.  Kuv.  Soc,  Vol.  4S,  pp.  213-1,»1G. 
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17, 1890,  appear  to  be  stibstnotially  identical  with  those  obtained 
by  l.rf>cl(yer  and  Fowler.  Both  these  very  iniportrint  series  of 
ncRfltives  arc  a«  yet  incorapletely  described,  and  we  caunot  estab- 
lish the  identity  of  the  two  sieries  with  each  other,  nor  with  my 
photograph,  though  they  all  seem  to  agree  in  their  general  char- 
acter. 

These  observations  were  made  early  in  1890,  before  I  became 
specially  iniercstcd  in  3]K'ctrosco]jic  worl<,  and  probably  too  late 
to  be  included  in  the  text  or  referred  to, in  the  Htcratnrc-mdcx  of 
Schciner's  Spcctraiannlyse  dcr  Gcstirne  (issued  late  in  1890).  I 
had  searched  nil  the  technical  astronomical  journals  issued  subse- 
quent to  thi*  season  of  1890  for  laic  observations  without  success. 
1  regret  having  temporarily  overlooked  them. 

I  resumed  photography  of  the  spectrum  in  Scptcmlxrr,  IS'.K^,  as 
soon  as  the  nebula  cnme  into  nn  accessible  position,  A  lisi  of  the 
principal  negatives  follows. 

18?t3  Sept.  12.  A  three  hours"  exposure  with  a  spcctrosc<iiit.* 
attached  to  the  12-inch  equatorial  showed  about  twcntj*  bright 
lines  between  A  501  and  A  372,  and  traces  of  a  few  others.  A  list 
of  these  lines  will  Iw  given  further  on.  The  slit  wasabont  0.4-2  inch 
long.  It  was  placed  cast  and  west,  across  the  trapezium.  It  in- 
chidcfl  not  only  the  dense  central  region  of  the  nebula,  bnt  also 
some  of  the  fainter  portions.  .MI  the  prominent  hydrogen  lines 
extend  into  the  fainter  regions  apparently  with  rdntivt  intensi- 
ties unchanged ;  while  the  intensities  of  the  lines  X  501  nnd  A  496 
fall  o(T  more  rapidly,  and  the  intensity  of  the  line  A  37.1  less  rap- 
idly,  than  in  the  case  of  the  hydrogen  lines.  The  latter  is  due  at 
least  in  part  to  chromatic  aberration,  and  it  may  also  he  partly 
real ;  for  Gothardf  has  found  that  the  line  373  "is  always  very  in- 
tense in  the  largeirrcgular  nebula,  is  always  very  faint  in  the  true 
planetary  nebute." 

1893  Sept,  17.  .\nothcr  exposure  with  the  12-inch  was  made, 
bwt  with  the  slit  somewhat  differently  situated,  for  testing  the 
relative  intensities  of  the  brightest  lines.  The  results  are  the 
same  as  those  obtained  Sept.  12. 

1893  Sept.  18.  A  three  hours'  exposure  was  made  with  the  36- 
inch  and  lOMi-inch  camera,  with  the  slit  placed  upon  the  bright- 
est region  sonthwest  of  the  Trapezium,  but  not  including  the 


•  This  npwtroBcopc  was  consimctert  for  rae  by  the  <)!>«<rrratorj-  oinicnU'r,  nil 
but  llic  tlit  and  optical  parts  bcin^  of  wunit.  It  ^nvt  splcmliil  (iciinition.  nud  fur 
loan  expofiurc  showed  po  signs  of  fkiiirc.  It  wirijjhB  about  10  iMniidii.  Next 
winter  1  linnc  to  have  more  efficient  opticnl  parts  ifiniilarly  mounted  lor  work  on 
the  Hunc  nebula. 

i  Astronomy  AND  A5Tiio-PHYstcs,JanaiiTy,  1803,  p.  55. 
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Trapezium,  for  the  purpose  of  detecting  any  possible  variations 
in  brightness  of  the  hydrogen  lines.  The  photograph  seems  to  be 
identical  in  every  way  with  those  of  the  Trapezium  region,  except 
as  they  are  affected  by  chromatic  aberration. 

I  made  several  comparatively  short  exposures,  during  Septem- 
ber and  October,  on  the  different  bright  regions  in  the  nebula,  in 
order  to  see  if  I  could  confirm  Dr.  Huggins'  earlier  results  show- 
ing remarkable  absences  of  certain  hydrogen  lines.  My  photo- 
graphs show  no  changes  in  the  relative  intensities  of  the  hydro- 
gen lines.    Hrf  is  always  present,  and  not  much  fainter  than  Ky. 

1893  Oct.  12.  A  four  hours'  exposure  was  made  with  the  36- 
inch,  using  a  5'/4-inch  camera  with  the  21-inch  collimator.  The 
slit  included  and  preceded  the  Trapezium.  The  negative  shows 
fully  twenty-five  bright  lines,  with  traces  of  others,  between 
\  501  and  A  372.  The  cheap  5Vi-inch  lens  employed  is  not  large 
enough  to  include  the  whole  beam  of  light,  is  poorly  corrected 
around  the  edge,  and  necessarily  gives  poor  definition.  For  that 
reason  no  further  use  was  made  of  it. 

1S93  Nov.  10.  An  exposure  on  the  isolated  nebulosity  sur- 
rounding star  Bond  No.  734  recorded  the  hydrogen  lines  H/S,  H^, 
H(S  and  H«  and  no  other  bright  lines ;  thus  confirming  the  visual 
observation  given  above,  .of  the  great  relative  intensity  of  the 
hydrogen  lines  in  this  region. 

All  the  long  exposures  on  the  condensed  parts  record  the  con- 
tinuous spectrum  of  the  nebula. 

The  wave-lengths  of  the  bright  lines  shown  with  certainty  on 
mj'  principal  negatives  are  tabulated  in  Table  I.  The  relative  in- 
tensities are  assigned  from  the  negatives  taken  with  the  36-inch- 
which  on  account  of  chromatic  aberration,  etc.,  are  considerably 
different  from  those  taken  with  the  12-inch,  which  in  turn  would 
be  different  from  those  obtained  with  a  reflector. 

Yerj'  little  can  be  done  in  the  way  of  assigning  the  chemical 
origin  of  these  bright  lines.  Nine  are  due  to  hydrogen,  but  the 
sources  of  the  others  are  unknown.  The  hne  at  A.  5874  is  pro- 
bably D,.  The  line  at  A  4472  is  possibly  identical  with  a  line 
always  present  in  our  Sun's  chromosphere.  The  others  can  at 
present  be  classed  only  as  nebular  lines. 

In  reference  to  the  forms  of  the  bright  lines  shown  on  their 
1890  (and  also  their  1888)  photographs,  Dr.  and  Mrs.  Huggins 
write:  "...  it  is  significant  that  the  hydrogen  lines  are  sensi- 
bly stronger  and  broader  on  the  plate  as  the  Trapezium  with  its 
stars  is  approached.     .    .    . 
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Table  I. — Bright  Lines  Photographed  in  the  Orion  Nebula. 


1B9S. 

18n3. 

ISB3. 

18S3. 

1«9?, 

Oct.  11 

Sept.  IB. 

Sept.  IS 

Oct.  IS, 

Mov.  10. 

Dwcrlptlon. 

5007 

5007 

5007 

50^7 

1st  nebular  line,  verv  bright. 

4959 

4959 

4959 

4959 

2d             *■ 

4861 

4861 

4861 

4861 

4861 

H;8  verv  bright. 

4713 

4716 

Bright.' 

4661 

4O64 

*• 

4473 

4472 

4472 

4472 

Very  Bright. 

4390 

43S9 

4389 

4389 

Bright. 

4363 

43C4 

4j'>4 

4364 

'■ 

4341 

4341 

434' 

4341 

434" 

Hy,  brightest  Ihie  in  spectrum. 

4265 

4265 

Very  faint. 

423 

423 

Extremely  Taint. 

4145 

4143 

4  "43 

4143 

Faint. 

4122 

4121 

4121 

'( 

4102 

4102 

4102 

4)02 

4102 

115,  very  bright. 

4067 

4067 

4067 

4067 

Bright. 

4026 

4026 

4026 

4026 

'■ 

3969 

3969 

3969 

3969 

3969 

He,  very  bright. 

3889 

3889 

3889 

3889 

H;,  bright. 

ft 

3868 

3S69 

3869 

3869 

Bright. 

3836 

3835 

3835 

383s 

Wt},  bright. 

3798 

3798 

3798 

HS,  faint. 

3770 

3770 

Hi.      " 

3749 

3749 

Hx,  very  faint. 

3727 

3727 

3727 

Very  bright. 

"The  lines  of  the  new  (1890)  photographs  contain  two  very 
strong  and  abruptly  bounded  blotches,  and  a  third  one  less 
marked. 

"  These  brighter  blotches,  corresponding  to  different  conditions 
of  closely  adjacent  nebular  matter,  give  an  explanation  of  an  ap- 
pearance which  we  recorded  last  year  in  speaking  of  the  strongs 
line  '  about  A.  3724 '  [on  the  1 888  negative] .    '  On  one  side  of  the 


wide  as  tbc  slit,  if  the  camera  and  culliniatcr  arc  cqttal  in  length. 
Any  broader  pait  of  the  line  must  be  wider  than  the  slit, in  which 
cnsc  it  is  really  n  bajid  made  up  of  light  not  uioDochroiiiatic.  If 
phofORtaphs  ohtnined  with  the  low  dispersion  of  one  or  two  BO" 
).i;>nis  shoiv  the  incrcnserl  brendth  of  parts  of  the  lines,  a  grating 
giving  ten  or  twelve  times  as  much  dis^Kroion  and  a  high-power 
eye-piece  should  readily  show  the  non-monnchromatic  character 
of  the  linen,  nnd  their  vnrying  widths  in  different  parts  of  the  neb- 
ula.  My  visual  observations,  described  above,  do  not  show  any 
such  conditions. 

(b). — \ly  photoj^rnphs  mnde  with  the  12-inch  tcIcsco|>e  and  the 
very  rjgi<l  itpectrtwcope  show  lines  0.42  inch  kmg  of  constant 
width  »nd  ail  the  lines  ane  ofequai  width.  The  slit  was  long 
enoug^h  to  include  a  wide  re^L^ion  each  side  of  the  Trapczinm. 

(c). — On  those  negatives  which  show  lines  not  of  uniform 
width,  the  general  form  of  the  images  is  the  same  for  nil  the  lines 
prominent  enoufjh  to  photograplt  in  both  tiright  and  fjiint  parts 
of  the  nebula.  The  gcncmi  form  is  the  same  whether  the  slit 
crossed  the  Trapotiumor  was  directed  to  some  other  r^on; — 
other  thinjpi  l>einji  equal  the  middle  of  the  slit  gave  a  slightly 
greater  width  to  Ow  lines  than  the  cuds  did ;— therefore  the  in- 
creased breadth  is  due  in  part  to  instnimentnl  causes. 

(f/).— The  lines  are  slightly  broader  for  bright  parts  of  the  neb- 
ula crossed  l>y  the  slit  than  for  adjacent  faint  parts,  f<ir  two  rea- 
sons ;  6rei,  the  spreading  of  the  o^-cr  exposed  images  of  the 
bright  parts;  secondly,  and  chiefly  there  is  flexure  in  the  t<]Krctro- 
scope  during  the  exposure.  The  effect  of  flexure  is  to  broaden  the 
brighter  parts  of  the  hue  more  than  the  fainter  parts;  for  the 
brightest  parts  photograph  in  their  6rstand  last  positions  on  tlie 
plate,  w^hereas  the  faintest  parts  photograph  only  where  the  suc- 
cessive positions  of  the  images  overlap  each  other. 

In  tliis  connection  we  should  not  lose  sigtit  of  a  vigorous  dis- 
cussion carried  on  in  180(J,  regaiding  the  character  of  the  chief 
line  in  the  Ncbnia  of  Orion.  From  their  published  paper*  1  un- 
derstand Dr.  and  Mrs.  Hiigpins'  views  Icoufuined  by  the 
observations  of  Young,  Coi»eUind,  Keeler,  and  otlicrsj  to  be  that 
the  principal  line  in  this  spectrum  is  sharply  defined,  very  narrow 
nnder  the  highest  disi^rsions,  and  perfectly  monochromatic.  My 
photographs  show  the  principal  nebular  line  (A  0007)  to  have  al- 
ways the  sfunefonu  asthe  HA.  and  H^  and  other  prominent  lines, 
jnst  as  Ur.  and  Mrs.  Huggins'  negati\"C8  show  that  the  hydrogen 
and  other   strong  lines  are  ainiiUu-ly   broadened.    Now  if  the 
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principal  line  tvns  shown  by  visual  observations  id  1890  to  be 
sharp,  narrow  anU  monochromatic,  it  seems  to  aic  that  to  accept 
the  photographic  irregularly  hroacicnctl  form  of  the  images  as 
their  real  fonn,  is  to  ascribe  to  the  principal  line  a  very  different 
character. 

I  have  photographed  the  spectra  of  the  six  principal  stars  in 
the  central  part  of  the  nebula.  They  arc  Struve's  Trai>c«ium 
stars  A,  B,  C.  D,  and  Bond's  stars  Nos.  G85,  73+.  The  photo- 
graphs were  made  principally  on  Oct.  18,  Nov.  H>,  Dec.  15,  1893 
and  Jan.  11, 12  and  23,  1894.  So  far  as  I  know  these  spectra 
have  never  been  photographed  with  a  slit  before,  except  in  the 
case  of  two  of  the  Trapezium  stars  by  Dr.  and  Mrs.  Muggins  in 
1888.  My  photographs  show  continuous  spectra,  numerous 
dark  lines,  and  no  bright  lines;  and  all  the  spectra  conform 
closely  to  the  "Orion  type;"  though  some  of  the  dark  lines  arc 
broader  than  we  would  expect  to  find  in  that  tyi>e.  Only  one 
part  of  the  sijectnmi  of  the  faintest  Trai>eiEiiim  star,  B,  was  pho- 
tographed, on  account  of  its  faintness.  The  Hrf  line  is  dark, 
there  arc  no  bright  lines  in  that  vicinity,  and  its  spectrum  is 
probably  very  similar  to  the  others.  Two  long  exposures  on  the 
nebular  spectrum  show  the  combined  spectrum  of  the  Trapezinm 
stars  np  to  Hw,  and  the  hydrogen  lines  Hr,  Hv,  HS,  H*  are  seen 
to  be  dark.  They  may  safely  be  attributed  to  the  brightest  star  C. 
All  the  dark  lines  photographed  in  the  six  stars  are  recorded  in 
the  first  six  columns  of  Tabic  II.  On  many  of  the  negatives, 
some  of  the  bright  nebular  lines  were  necessarily  recorded  at  tlic 
same  time;  but  they  arc  in  genera!  considerably  narrower  than 
the  darkstar  lines,  and  pass  through  thcccnters  of  thedark  lines. 
The  dark  Hfi  lines  in  the  stara  C,  D,  A,  are  scarcely  wider  than 
the  lift  bright  nebular  line,  hut  there  is  no  doubt  they  arc  dark. 
The  points  of  intersection  of  the  nebular  lines  A5007  and  A4959 
with  the  9i>cctra  of  the  stare  C,  D,  A  arc  brighter  than  the  con- 
tinuous spectra  each  side  of  the  points  of  intersection,  ovring  to 
the  superposition,  probably,  of  the  bright  nebular  lines  and  con- 
tinuous star  spectra.  It  is  possible,  to  he  sure,  that  the  in- 
creased brightness  at  those  points  could  be  due  to  bright  lines  in 
the  stars,  and  such  may  be  the  case;  but  taking  the  other  parts 
of  these  spectra  and  other  spectra  of  this  type  into  considera- 
tion, there  seems  to  be  no  necessity  for  such  an  assumption. 

Our  knowledge  of  the  spectra  of  /?,  tf,  and  t  Orionis  is  vcr>-  frag- 
mentary, and  I  have  also  made  a  few  ]>hotcgtaphs  of  them. 
Nearly  all  the  lines  observed  in  rf  Orionis  between  A  4Vi3  and  A  393 
arc  tabulated  in  column  seven  below.    0  and  e  Orionis  contain  a 
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great  many  lines,  and  I  have  tabulated  in  columns  eight  and  nine 
only  those  which  match  lines  observed  in  the  six  faint  stars ;  ex- 
cept that  in  these  cases  I  photographed  with  isochromatic  plates, 
also,  and  detected  a  prominent  dark  line  in  the  position  of  the  so- 
dium Dm,  and  a  very  prominent  dark  line  in  the  position  of  the 
helium  D,.  The  latter  is  probably  D, ;  in  which  case  it  is  the  first 
time,  so  far  as  I  know,  that  a  dark  D,  has  been  observed.  A 
great  many  prominent  lines  in  fi  and  e  Orionis  and  a  few  in  6  On- 
onis have  been  omitted. 

Table  II.— Dark  Lines  Photographed  in  Orion  Stars. 


2C 

2D 

2A 

2B 

No.  685 

No.  734 

iJ  Orion. 

a  Orion. 

fi  Orion. 

5893 

5893 

5876 

5876 

4934 

4934 

4824 

4924 

4924 

4924 

4924 

4861 

4861 

4861 

4861 
47'5 

4861 

4861 
47'5 

4861 
47(5 

4861 

4688 

4688 

4688 
4662 

4688 
4662 

4652 

4652 

4652 

4652 

4652 

461 

454 

454 

447a 

4473 

4472 

1  4472 

4473 

4472 

4472 

4472 

4389 

■4389 

4389 

4389 

4389 

4389 

4389 

4389 

434  > 

434" 

4341 

434' 

1 

4341 

4341 

434' 

4341 
4267 
4230 

4203 

4203 

4  "43 

4"43 

4143 

4143 

4143 

4143 

4121 

4121 

4121 

4121 

4121 

4121 

4121 

4102 

4102 
4067 

4102 

4067 

4102 

4102 

1 
1 

4102 

4102 
4067 

4102 
4067 

4102 

4026 

4026 

4036 

4026 

4067 

4026 

4026 

4026 

3969 

3969 

39^; 

3969  1 

3969 

3969 

3969 

3969 

A  comparison  of  these  dark  lines  with  the  bright  lines  in  the 
nebula  points  to  a  most  interesting  result. 

In  1890  Dr.  Scheiner  called  attention*  to  a  dark  line  \  4471.4 
discovered  by  him  in  fi,  y,  S,  e,  and  C  Ononis  (and  in  fi  Persei), 
stating  that  it  probably  coincided  with  Copeland's  very  faint 
bright  line  A.  4476  in  the  Orion  nebula,  and  that  it  was  evidence 
of  the  physical  connection  of  the  nebula  and  the  five  bright  Orion 
stars  mentioned.  Professor  Pickering!  in  1891  called  attention 
to  a  further  coincidence  of  the  dark  line  A.  470  (probably  the  line 
observed  by  me  at  A  4688)  in  the  bright  stars  in  Orion  and  a 
bright  line  X  470  in  the  planetary  nebulae. 


•  Sitxungsberlchte  <1.  Berlin.  Akatl.,  1890,  p.  145. 
t  Astronomiscbe  Nacbrkhten,  No.  3025. 
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To  facilitate  further  comparisons,  I  have  placed  in  the  first  col- 
umn of  Table  III  the  bright  lines  observed  by  me  in  the  Orion 
Nebula,  in  the  second  column  the  dark  lines  in  the  faint  stars  in 
the  nebula,  and  in  the  third  column  the  corresponding  lines  in  the 
bright  stars  fi,  <J  and  f  Orionis. 

Table  III.— Comparison  of  Bright  Nebular  and  Dark  Star 

Lines. 


Nabnlor 

Fill  111^ 

Brl«1i(- 

iirlKii!. 

Binr 

dtar 

Iluei. 

darkllDeA 

S%3 

58?4 

3876 

SW7 

4959 

49=4 

4924 

4^61 

4861 

4S6i 

4714 

4715 

4715 

461^8 

468S 

<4^&z 

4662 

4652 

4O52 

46]. 

454 

4S4 

447a 

447a 

4472 

43S9 

45S9 

43S9 

4364 

4J41 

434' 

4341 

426S 

4267 

433 

42JD 

4143 

4f43 

4143 

4121 

4121 

4I3J 

4102 

4E02 

4102 

40(57 

40A; 

4067 

4026 

4026 

4026 

3969 

39*>9 

35*9 

3889 

3SS9 

Tt^matlH. 


Dii.    Faint  stars  not  photo'd  in  yellow, 

Stellar  spectra  appBrciitfy  continuous, 

Bri"]it  tine  suspected  in  Orion  Neb.  &  G.  C.  4390. 

H/i, 

Observed,  in  several  ncbulic. 

"  five 

■■  afew 
Not  observed  in  anv  nehuliE. 
Probably  observcd'in  G.  C.  4390. 
Kot  observed  in  anv  nebu!». 
Verj-  comrrnjn  in  nebula.'. 
Observed  in  several  nehulfie. 
Veri'  common  in  nebula. 

OI)»en,-ed  Aha  in  G.  C  4.a9a. 
Not  observed  in  otber  nebulre. 
Obsn-ved  also  in  G.  C.  i-<iW. 


Observed  in  se^-eral  ncbuliE, 
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some  exceptions.  There  is  no  reason  known  at  present  for  sup- 
posing that  the  prominent  nebular  lines  A  5007,  A.  4959,  A  4364, 
X  3869,  X  3727  are  matched  by  dark  stellar  lines.  They  appear 
to  remain  characteristic  of  the  nebular  spectrum,  and  of  no  other 
type.  If  these  dark-line  stars  are  within  or  beyond  the  great 
nebula,  and  the  stellar  Hght  were  absorbed  by  the  nebula 
through  which  it  passes,  we  would  expect  dark  stellar  lines  in 
the  positions  of  thesefive  prominent  nebular  lines.  The  fact  that 
some  or  all  of  these  positions  are  not  occupied  by  dark  lines  ren- 
ders it  doubtful  whether  any  of  the  lineis  are  due  to  absorption 
by  the  nebula  proper,  and  we  cannot  safely  say  that  these  stars 
are  beyond  the  nebula  or  are  physically  connected  with  it.  We 
can  safelj'  say,  however,  that  they  arc  closely  related  to  the 
nebula  in  chemical  constitution  and  rclntively  closely  in  physical 
condition. 

Dr.  and  Mrs.  Hugjrins'  18S8  ph()toji;raph  *  of  the  si)ectra  of 
this  nebula  and  two  superjioscd  trapezium  stars  is  well-known 
to  alt  readers  of  siiectroscoiJic  literature.  Several  most  interest- 
ing and  important  conclusions  have  been  based  upon  it.  Never- 
theless, I  have  been  unable  to  verify  many  of  their  observed  facts; 
and  as  this  subject  is  of  superlative  importance,— situated,  as  it 
is,  at  or  near  the  beginning  of  every  system  of  stellar  classifica- 
tion,—it  is  desirable  to  point  out  definitely  the  differences  in  our 
results.  I  shall  limit  the  comparison  to  the  region  A.  420 — A.  397, 
since  my  photographs  of  the  stellar  spectra  do  not  extend  be- 
yond Hf. 

Dr.  iind  Mrs.  Hufjyins  obtained:  Mr-  Caniplxrll  obtained: 

1.    \o  trace  of  brifjht  Hi' in  nebula.  1.    Very    iiromiaeiit    bri-jiit    115    in 

nebula, 
Prominer.tbrij^lit/iJ-itOZin  nebula. 
'■  Urigbt  ),  +l)2(>  in  nebula 

Very    prominent    briaht     He     ia 
nebula. 

5.  No    trace   of  dark   lines   at    H'i,  5.    Very  prominent  dark  lines  at  Hd. 

A-t067,A+026,  He  in  Tra|>eziutn  /  '+026  and   He,  and  prominent 

stars.  dark  line  at  A.  i067,  in  Trn]ic- 

/inni  stars. 

6.  A  group  of  six  brifjlit  lines  in  Tra-  6.    Mo   briiiht  lines  in  stars  between 

(Kzium    stars  between    I  4167  A  41.67— i -tll6;  bright  lines  in 

and  ).  -Hlfi,    iiossibly  also    in  nebula  at  x4.1-t3,  and  yl  4121; 

nebula:  no  dark  lines  in  stars.  dark  lines  in  stars   at  A.  4143, 

X4121. 

It  will  be  seen  that,  in  this  region,  I  did  not  succeed  in  photo- 
graphing their  faint  lines,  and  they  did  not  record  my  bright 
lines ;  I  did  not  obtain  their  bright  lines  in  the  stars  and  they  did 
not  obtain  mv  dark  lines  in  the  stars.    It  is  difficult  to  explain 


2.     " 

"    "    ^40r,7" 

*> 

3.     " 

"     "     ;.  402G" 

3. 

4.     " 

"     "       He       " 

+. 

Described  in  Proc.  Roy.  Soc.,  Vol.  46,  pp.  40-60. 


these  differences  on  the  basis  of  variations  in  the  stellar  and 
n«l)ulur  siJTctra.  But  if  they  are  due  to  real  variations,  we  have 
here  the  most  remarkable  case  of  variation  known  in  astronomy. 
Although  the  ;observations  described  in  the  preceding  pages 
arc  more  complete  and  lead  to  more  interesting  results  than 
were  even  hoiied  for  at  the  beginning  of  the  work,  it  is  evident 
that  they  throw  very  little  light  u]>on  questions  relating  to  the 
composition  and  physical  condition  uf  this  important  nebula. 
Apparently  wc  cannot  reproduce  nebular  conditions  in  terrestrial 
€:xpcrinient8.  and  every  advance  in  our  knowledge  uf  ilie  nebula; 
only  adds  greater  emphasis  to  that  point.  Nevertheless,  it  is 
desirable  that  the  observations  of  the  spectrum  should  be  made 
as  complete  as  possible,  however  backwanl  our  iolcriiretations 
of  the  observed  facts  may  be.  Holding  to  that  view,  I  ho|)e  next 
season,  witli  more  efficient  spectroscopes,  to  extend  the  results 
considerably  further. 

(To  BR  CoptTlKtretk). 


THE  NEW  STAR   IN   NORMA.' 


BUWARU  C    PICKBSIXG. 


On  February  28.  1894,  Professor  S.  I.  Bailey  succcudcd  in  ob- 
taining a  photograph  of  the  sptxtrum  of  ihc  new  mar  in  Nurtua. 
The  photograph  was  taken  with  the  Uache  iclescopc.  having  the 
13^  prism  placed  in  front  of  the  object-glass,  and  had  an  exposure 
of  16ti  minutes.  Xcarly  all  the  light  is  concentrated  in  the  line 
Uf,  wave-length  434.  Traces  of  several  other  lines  are  peix'e])ti- 
ble  in  the  contact  print  sent  by  Mr.  Bailey.  Their  wave-lengths 
can  probably  be  determined  when  the  original  negative  is 
received  in  Cambridge.  The  brightness  appears  to  liave  dimin- 
ished about  half  a  magnitude  between  October  29,  1893  and 
Februnry  28,  lH9t.  Professor  Bailey  hns  looked  nt  Nova  Xormffi 
with  the  13-inch  telescope  at  Arequipa,  employing  magnifying 
powers  up  to  800,  without  perceiving  any  disk. 

Hakvaku  Colleck  Ousi-rvatokv. 
Cambridge,  Mass.  April  13,  1894. 


ASTRO.PHYSICAl.  NOTES. 


AU  articles  onil  corrr^pundcnce  rtlaUng  to  apcetroKoijy  ottil  cither  tut^Kts, 
I>ro(>eriy  inclmlcd  in  AsTR»»-PttV6lt"a.  should  Iw  jiddrvsenl  to  George  E,  Hale,  Kcn- 
wrtOtl(Hucn-nii>ry  o(  the  L'liiversity  of  Chicogo,  Clikngo.  V.  S,  A.  Aniliun  of 
papers  are  re(|i)C!ilccl  to  refer  to  la»t  pBffe  for  infomtation  in  regard  to  UtoAr*- 
tions,  rfjmnl  i;u[nck,  etc. 

'  Communicated  by  the  author. 
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The  Infinencs  of  Slit-Width  on  the  Appearance  of  the  Spectra  of  Comets.— Pro- 
fessor Kayser'B  important  paper  scema  to  furnish  a  complete  explnaatioti  of  the 
anomalies  hitherto  olieerved  ia  the  spectra  of  comets.  In  a  general  way,  the  in- 
fluence of  slit-width  on  the  position  of  the  edf^  of  a  fluting  has  been  understood 
and  allowed  for  by  spectroscopists,  but  a  detailed  consideration  of  all  the  conse- 
quences attending  the  use  of  a  wide  slit  with  small  dispersion  is  now  given  for 
the  first  time.  Now  that  photography  has  taken  the  place  of  the  difKcult  eye 
observations,  it  ia  probable  that  fewer  anomalies  will  be  found  in  cometary  spec- 
tra, and  that  the  systematic  changes  in  the  position  of  the  carbon  bands  which 
hare  in  some  instances  been  recorded,  are  to  be  ascribed  to  the  varying  conditions 
under  which  the  observations  were  made. 


Dr.  Chandler's  Criticisms  of  the  Harrard  Photometric  Obserrations.— In  A.  K. 
3214,  Dr.  Chandler  calls  attention  to  serious  errors  in  the  photometric  observa- 
tions which  have  been  made  with  the  meridian  photometer  at  Harvard  College 
Observatory.  This  is  evidently  an  important  matter,  and  it  should  be  thor- 
oughly investigated,  as  one  of  the  chief  purposes  of  the  Harvard  Photometry  is 
to  provide  a  series  of  standards  which  may  serve  as  a  basis  for  future  work.  The 
errors  referred  to  were  detected  by  comparing  the  observations  of  variable  stars 
with  the  magnitudes  deduced  from  their  known  elements.  Dr.  Chandler  says, 
"In  constructing  the  Second  Catalogue  of  Variable  Stars,  recently  published,  I 
had  occasion  to  examine  with  some  care  the  photometric  observations  in  Vol. 
XXIV.  of  the  Harvard  College  Observatory  Annals.  It  soon  became  manifest 
that  there  were  numerous  incongruities  in  the  observations  there  given,  with  the 
known  characteristics  of  variation  of  many  of  the  stars,  as  well  as  with  other 
well  attested  scries  of  contemporaneous  observations.  To  be  more  specific,  a  list 
of  some  of  these  contradictions  is  here  given.  It  is  by  no  means  complete,  but 
comprises  perhaps  the  more  important  results  of  a  somewhat  desultory  examin- 
ation, which  was  only  carried  far  enough  to  justify,  as  it  seemed  to  mc,  an  im- 
pression of  distrust  whether  any  of  these  observations  are  suitable  for  any  precise 
or  critical  purpose." 

A  list  of  important  discrepancies  is  given  by  Dr.  Chandler,  one  or  two  of  the 
most  striking  of  which  may  be  given  here  as  examples. 

112.  R  AndromedjE.  The  1886  observntions  are  certainly  all  erroneous  by  two 
or  three  magnitudes. since  the  minimum  occurred  1886  Dec.  5  at  12.8  mag,,  by  the 
elements:  the  latter  l)eing  confirmed  by  Parkhurst's  observations. 

4160.  T  Leonis.  The  observation  1882  April  17  gives  7.4  mag.  This  is 
very  surprising,  as  the  star  has  never  Iwen  certainly  seen  by  any  one  except  Peters , 
and  by  him  only  on  two  occasions  at  lO.H  mag.,  on  all  others  at  13  mag.  or 
less. 

582G.  T  Scorpii.  This  is  the  new  stnr  of  1 860,  in  the  cluster  80  Messier,  5'' 
north  fol'owing  its  center,  in  i)Osition  angle  oZt".  It  appeared  suddenly  (7.0  mag.) 
and  faded  rapidly  to  invisibility,  and  has  never  since  been  seen,  except  possibly 
ome  on  1869  June  1,  when  it  was  uncertainly  susjiected  by  Schonfeld.  I  am  per- 
fectly familiar  with  this  cluster  and  its  surroundings,  having  looked  forthe  missing 
star  more  than  a  hundred  times  at  the  very  least,  unsuccessfully;  Schmidt,  at 
least  one  thousand  times  Iwtwcen  I860  and  1877.  Except  on  the  very  improb- 
able hypothesis  that  the  star,  by  a  happy  accident,  had  returned  at  the  very  epoch 
when  the  photometer  happened  to  be  set  upon  it  in  188b,  the  three  observations 
of  it  as  8.2  mng.  must  l>e  mistakes. 


Dr.  Chandler  attributes  mnny  of  tbcvr  (1i»cre(>Mnrir«  to  erroneous  idmti6i-a' 
lions  of  8tnnt  with  the  incfiilian  pbototiietcr.  for,  thv  iniirors  oi  tbnt  ini>lruTrM.iii 
bviog  mnvabtc  thmagh  o  small  rnngc  in  Rjf^ht  Ascensioni  th«R  is  uo  such  ctieck 
on  the  identity  ni'  the  nar  as  there  U  in  ordinnr/  mcridiaa  obscnrations.  If  tfaia 
is  the  COM-  the  error*  will  be  comparAtively  itw  in  nnmbcr.  And  may  he  corrected. 
If  ou  the  otbn-  bnnd  they  ariae  frinn  a  fuiitiaincatal  wrcakncsa  of  priui:i[jlc  or  tnac- 
cnnicy  of  obcerratiun,  aswrtntn  diwcrepiincica  in  c(ini|KirnttTeIy  bright  slara  xecm 
tn  lndicaie>  the  value  of  l)>e  whole  work  becoiues  t'raciicall)*  notblntr-  In  rithn* 
oue  I>r.  Chandler  hiut  dune  a  valuable  mtvivc  in  ixfintidg  out  the  exttfimix  nf 
tbrsr  ermrs.  mid  itis  to  he  nntrd  that  dll  his  remarks  are  strictly  within  Ihc 
bound!  of  Iciri'.inmti-criiicKm. 


A  Kev  Triple  Achromatic  llt)j'N:t-Gta93.— At  the  Mnrch  moling  oi  ttir  koyol 
Asttrntininical  Sintcty,  Mt.  El,  Dcunis  Tuylor  dc«CTthcd  a  new  nm)  "perfectly 
achroniutif '  '  '.<js  whicb  lii;  has  fur  «*jme  timr  been  enitnji^ed  in  pcrrcctinp' 

Mr.  Tnylur  .  .  ilinl   by  "  iti-rftcLlv  achromatic  "  he  raciint  that  the   clirD* 

tnatic  nbetriition  (o  >ie  c«|i«trd  in  an  nhiectivr  ot'cvni  twti  ifvt  npcrtutv  !■  tin 
grcatei-  tlinn  that  Tvhieh  i»  introduced  into  a  nrtlccuir  vrta^Mi-  ft>cal'lci>xl)i  i»  71^ 
times  lt«  aperture,  \t\Kn  a  l-inch  HayglieiiiAn  cye-piccc  is  nwd  lor  vivwinK  ihir 
iniD^.  The  objcvttvu  cunsirts  nf  thnw  lenses  of  thive  i]ifn>rcnt  lundt  uF  ti^atn. 
The  uut»ide  lens  is  a  hiiril  tmryta  lit^bt  tlint,  nnr|  is  double  convex  In  f<?rm ;  the 
inner  k-ns  >a  d<>ui)V  cOnciire.  of  ti  ■n.ntntn  nvw  Wro-itiltciitc  Hint .  the  hack  kns  of 
the  >:rimbinRtii>ii  if  n  positive  mcni«cUH  nenrly  |>lnnf  ou  thv  fiiicside  aiirtnce.  and  is 
mode  (if  IikIiI  flilieute  ti-uwn  tjlflifc.  AH  thrrc  varieties  »f)t)nM  an-  ihhiIc  by 
Schntt,  of  Jenn.  The  Hint  iiL-w*  nf  tlie  interior  Un»  it»  oHtthtly  liable  to  taniikh 
nnd  lienix-  is  j>r'">i««lcd  by  t>cin^  citcioned  iwlween  tbc  liani  odier  leiises.  It  is 
not  stalc'd  wbeLtK-r  tlie  lenses  nrv  wmentiid,  bnl  vcmviittnu  would  he  tmpuitntilr  in 
a  Inr^c  lens  witlmut  grval  injury  to  the  definition,  aitd  vritbout  it  t;radnal  tar- 
nishing of  th«  interior  surfnctfs  would  ««rm  to  be  unavoidahle;  nevfrthelesa 
Messrs.  Cooke  5:  Soim  ftuArantee  llic  |jcrmuncncc  of  objeinives  mode  on  tbi»  plan. 

Si>nic  yenrK  ago  t'rokiUHtr  HnHLinffit  mndc  a  double  obfcvtivc,  U!iin;bf  n  evrtnia 
lioro-silicaie  fliiii  and  a  i»)t:ia6iiiiii  silicate  crown  mndc  at  Jrujt,  in  which  ilie 
chronmiic  itberrniion  was  reduced  to  soniethmtt  like  five  |)vr  cent,  of  it»  amount 
in  tltc  nsnal  conBtruclion,  bo  that  the  iinnijc  was  iwneiically  fret  from  color,  bnt 
the  flint  glnu  wos  Ualde  to  tarnish,  while  tlie  crown  glnu  was  liy^ivcoitic,  and 
was  lhclt^■o|■c  alwnys  covered  by  a  film  of  moisture.  SinfiulaHy  enough  the- 
polish  of  the  crown  tern  does  not  seem  to  have  l»een  affected  by  thi«  {wculiarily  of 
the  glass,  and  is  apparently  asfiood  at  the  prrscnt  time  as  it  wnn  wtirn  the  ob- 
jective was  mndc:  but  it  would  Mcm  tbnt  some  action  leudinK  to  destroy  ifae 
surface  most  be  goinR  on,  nevertheless.  The  flint  r^lass  is  nearly  identical  -with 
thflt  u!ted  by  Mr.  Taylor, 

The  theory  of  Itie  triple  objective  was  discussed  by  Hasting  in  (he  HniericsUf 
lout a^l of  Scicmx,  Deiember  1H79.  Mr.  Taylor  ban  a  grrater  raricly  of  glns«v« 
from  which  to  select  itw  lenses  of  bis  combination,  and  has  doubtless  chosen  the 
kinds  most  snitable  lor  hit*  imrpome;  otherwise  the  objective  docs  nut  seem  to 
diffcr  materially  from  that  proposed  by  Hastings.  \  section  of  Mr.  Taytor'n  ob- 
jective nccompanicR  the  adwrtismcnt  of  Messra.  Cooke  in  tCaotvhdge.  If  this 
figure  i»  drawn  to  wale,  the  interior  tens  is  extremely  thin  in  the  middle,  and 
miMt  be  very  diffit-ult  to  work. 

An  impression  semis  to  have  been  prodnccd  in  some  qnarters  that  alJ  Jea* 
g\a»a  is  snbject  to  some  such  drawback  as  that  mentioned  aV>ovc,  and  tfaenfore  it 
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may  be  worth  while  to  state  that  only  a  few  very  special  varieties  are  80  affected, 
and  that  with  these  exceptions  all  the  glass  made  at  Jena  is  perfectly  durable. 


Hew  Star  Spectroscope  for  ths  tick  Observatory.— A  large  and  very  fine  star 
spectroscope  for  the  Lick  Observatory  has  just  been  completed  at  the  workshops 
or  Mr.  J.  A.  Brashcar.  We  shall  hope  to  give  a  detailed  account  of  this  fine  in- 
strument in  a  future  number. 


, . 

The  Aurora  of  March  30,  1894.— Un  the  night  of  March  30,  an  unusually  fine 
display  of  the  aurora  was  observetl  in  the  United  States  and  in  Europe.  At  Alex- 
andria, Va.,  the  streamers  when  highest  extended  nearly  to  the  zenith;  at  Alle- 
gheny they  extended  fifteen  degrees  south  of  the  zenith,  at  9''  50"'  Eastern  Time, 
Numerous  reports  have  been  received,  from  which  we  give  a  few  extracts. 

"On  March  30  at  7:45  p.  m.  a  briHiant  aurora  borealis  was  visible  here.  At 
first  it  npijcarcd  as  a  large  ptitch  of  pale  red  light  in  the  north  cast.  It  failed 
awnj',  and  reappeared  suddenly,  with  streamers  reaching  up  some  4--^°,  and  ex- 
tended around  to  Polaris;  it  then  faded  again,  and  reappeared  in  two  sections, — 
bright  red  patches  with  dark  and  light  streamers.  The  two  sections  seemed 
disposed  to  spread  out  and  join  each  other-  The  western  section  at  its  l)riglitcst 
was  about  .^0°  wide,  enveloping  nudialmost  obliterating  the  constellation  Cas- 
siopeia; the  other  formed  cast  of  Polaris,  and  extended  nearly  to  Aretnrus, 
streaming  upward  between  Ursa  Xfajor  and  Ursa  Minor.  It  did  not  become  so 
brilliant  sigain,  as  long  as  we  watched  it,  but  traces  of  it  could  Iw  seen  until  after 
midnight,"  John  W.Johnson, 

Universitj'  of  Mississippi.  .\ssoctate  Professor  of  Physics. 

March  31,  IS91-. 

The  follo«-ing  is  an  extract  from  a  letter  received  from  Dr.  Veeder: 
"You  will  probably  Ix;  interested  in  the  results  of  the  observations  of  the 
aurora  of  Fridaj-,  March  30,  which  was  well  seen,  in  the  vicinity  of  the  77tli 
meridian  especially,  from  South  Carolina  northward  into  Canada,  and  many  re- 
ports concerning  which  arc  at  han<l.  The  peculiar  feature  is  that  from  Lyons 
northward  into  Canada,  from  7:40  to  8:38  p.  m.,  it  was  located  south  of  the 
zenith  exclusively,  there  lieing  not  even  the  faintest  auroral  glow  toward  the 
north  during  this  hour.  In  Pennsylvania  it  was  seen  north  and  south  of  the 
zenith,  and  further  south  it  was  seen  toward  the  north  exclusively,  rising  25** 
above  the  northern  horizon  in  South  Carolina.  From  this  it  apjtears  that  the 
center  of  the  luminous  mass  was  at  about  latitude  40°  to  41°,  and  600  miles 
further  south  its  summit  was  seen  toward  the  north,  having  the  elevation  of  25°. 
This  would  give  approximately  a  right-angled  triangle  with  a  base  of  600  miles 
and  an  angle  at  the  base  of  25'^,  corresponding  to  an  altitude  of  the  aurora  of 
about  300  to  350  miles  at  the  highest  point.  ' 

The  solar  conditions  also  were  characteristic  at  the  time  of  this  aurora,  being 
such  as  have  been  described  heretofore.  There  was  a  disturbance  exactly  on  the 
eastern  limb  o(  the  Sun  and  south  of  the  wjuntor,  which  is  the  precise  location  to 
have  an  auroral  effect  at  this  season  of  the  j-ear.  With  the  disturbed  area  north 
of  the  equator  at  this  season,  increase  of  thunder  storms  takes  the  place  of  the 
aurora.  Both  these  points  were  well  illustrated  many  times  during  March,  as 
well  as  in  the  months  preceding.  The  most  noticeable  instance  showing  these 
relations  recently  is  in  connection  with  a  very  persistently  disturbed  area  extend- 
ing north  and  south  of  the  equator,  whose  successive  reappearances  at  the  limb 
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have  been  nttmtlril  by  intrense  of  thuntlcrBtonms  ntitl  norora*.  Tfi«  dit\e«  are 
nsfollowM.  May  22.  June  IS,  July  13,  Aui{.  VJ.  Sepl.  S.  Oct.  3.  Nov.  1,  Nov.  39, 
Dec.  26,  Jun.  22,  Fell.  18.  Murefa  18,  or  Hevcn  mums  in  300  days,  giving  a  ixr- 
ioH  of  27V4  days.  There  were  auroran  on  nil  these  datcii,  tfaose  on  June  18,  Jnlj 
IS,  Adj*.  VJ  And  Not.  I  he\nft,  ftpecinllr  iine.  lit  like  manner  there  was  infrcAM  nl 
thunderstorms  tin  all  of  thciu,  cxlendinK  throughout  the  winter  iu  a  way  tbat  is 
mont  rrmiirknlile.  Thud  huilrllngn  were  struck  liy  ttghlniufj  in  New  Vurk  Stiitc  on 
Christmas  ni»;ht,  an  otcurrencc  which  is  most  unusual.  The  ontbrcak  of  vjjjor- 
ouf  elcvtricnl  stomit  uiit]  tomndocs  nA  Mnrch  ISth  is  frcsli  in  memory.  Since  'A-- 
tobcr  the  V.  S.  Weather  llurcan  has  puWished  in  the  Monthly  WeatlKr  Raricw  a 
IaWc  showing  the  nutnl)ent  of  !>tntiont  repurtiiig  auroras  and  t hnnrlmtoniui 

ch  day,  and  their  geographical  dbtrilnition.    la  thew  tables  the  datrs  above  in* 

catcd  Hand  out  [iromhientl}'. 
1  am  receiving  some  excellent  reports  (rom  Siberia,  Finland.  Sweden,  ScollMnd 
and  England,  especially.    The  Greenland  rcpurtit  will  become  ncccsstbk  npon  tbc 
return  of  the  slrip  "  Fakon."  which  will  Tisit  Mr.  Peary's  station  as  soon  as  re- 
moval of  the  tee  will  permit."  U.  A.  VEBDCK. 
Lyons,  .V.  Y..  April  11. 189*. 


Low«Il  Observatory.— A  prirntcOb«crratory  is  to  Ik  em-ted  and  kejit  up  during 
the  comin;;  sumntcr  and  autumn  by  Mr.  Pcrciral  Lon'cll  in  Aricoiia.  Hi*  objects 
aire;  (»)  the  «tu<Iy  uf  Mars  during  it*  appruacliioK  opposition;  (bl  the 
determination  of  the  atmospheric  conditions  most  larorable  to  astronomicnl 
obscrration.  He  will  take  with  him  Hrof.  W.  H.  Pickering  and  Ur.  A.  B. 
Douglass. 

The  ubscrratory'K  equipment  will  eonsistt  pf  an  18-inch  lens  by  Brasltear.  a 
13-incb  lens  by  Clark  and  a  six-inch  lens  by  Clark,  the  two  former  to  l>c  mounted 
in  a  dome  34  feet  iu  diameter.  The  dome  is  to  lie  built  of  wood  and  constructed  iu 
parallel  arcbcs  cuvered  with  wire  netting  and  canvas  upon  a  plan  devised  by  Pro- 
knot  W.  H.  Pickering. 

It  is  hoped  to  have  Che  telescope  in  place  and  the  Observntotjr  in  working 
order  by  June  1st. 

Tlic  note  in  our  lait  number  relative  to  thi»  Observntnry  wns  fnundcd  on  a 
newspaper  report:  the  inforniatiou  given  above  is  from  a  reliable  source. 


Olaiebrook's  Light.* — Tt  is  not  often  that  one  steps  backward  in  writing  a,Me- 
ood  volume  on  a  suiijcct  which  he  hna  prrviouidy  trrnted.  But  wccannut  avoid  I  lie 
oonduxion  lUnt  thin  is  what  Mr.  Glnieljrook  has  dime  in  hii»  new  volume  on  li^l't . 
Par  in  his  Physical  Optks.  whivli  appcai-ed  more  than  ten  years  oro,  be  gave  us  a 
Iwnd,  and  to  many  a  student,  very  helpful,  discussion  of  the  nature  of  light.  In 
the  earlier  volume  the  ware  surface  was  emphnsaEcd  as  being  the  fact  of  nature; 
its  normal,  the  socalled  ray.  as  being  a  mnthemniicn!  convention  lor  fixing^  the 
planeof  tlic  wave^urface  at  any  point.  Follnwioj(  PrcancI,  everything  was  de- 
duced from  the  prindpic  of  secondary  waves  tf^gethcr  with  the  priiunple  of  inter 
ference.  Lenses  he  described  as  simply  instruments  for  changing  the  curvature  of 
the  incident  wave-fnmu  Phenomena  of  dunlilc  refraction  were,  of  coutvc.  treated 
by  use  of  the  ware-surfaec. 


brook 


'  Lifht.&n  Bkmenttirr  Text-book.  Thcnretkal  and  Practkal,  bv  R.T.Gloic- 
ok,  \I.  A.,  F.  K.  &  (Cambridge:  t'mversiiy  Press.,  181>*). 
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But,  in  the  volume  before  us,  all  ia  changed.  Only  with  difflcuitj  does  one  be- 
lieve that  the  two  books  arc  written  by  the  same  man.  A  prism  is  no  longer  a 
device  for  rotating  a  wave-surface :  a  focus  ts  no  longer  the  centre  of  curvature  of 
a  certain  emergent  wave-surface.  Definitions,  demonstrations,  and  figures  are  all 
in  terms  of  rays,  excellently  adapted  to  elucidate  the  corpuscular  theory'. 

One  has  to  read  but  a  few  pages  of  the  later  volume  to  learn  that  it  ia  by  no 
means  intended  as  a  substitute  for  the  earlier.  But, unless  its  object  be  completely 
misanderstood,  it  is  much  more  than  a  laboratory  guide,  it  ia  an  exposition  of 
the  nature  of  light;  and,  as  such,  must  of  its  pages  are  devoted  to  what  light  is 
not,  namely,  rays. 

The  plea  of  mathematical  simplicity  can  hardly  be  urged  in  its  favor:  for, 
though  there  arc  few  formulae  in  the  book,  what  few  there  are  might  have  been 
derived  more  quickly  and  elegantly  by  use  of  the  wave-surface. 

To  be  sure,  the  subject  is  here  purposely  treated  in  an  elementary  way;  but 
Mr.  Glazebrook  himself,  not  to  mention  Lord  Kelvin  and  Prof.  S-  P.  Thompson, 
has  shown  us  that  in  the  wave-surface  treatment  there  is  an  elegant  simplicity 
which  makes  the  subject  at  once  clear  and  attractive,  and  which  unifies  the  discus- 
sion in  a  marvelous  way,  allowing  the  student  to  pass  from  the  treatment  of 
lenses  to  the  treatment  of  mirrors  andgratings  without  the  slightest  interruption 
of  continuity  either  of  method  or  of  nomenclature. 

What  is  more  important  still,  the  method  of  the  wave-surface  allows  one  to 
be^n  the  subject  with  the  experimental  evidence  of  Young  and  Freanel  for  the 
wave  theory,  and  then  proceed  through  the  whole  discussion  without  any  brea  k 
in  method.  Two  pin  holes  in  a  piece  of  platinum,  or  two  parallel  rulings  with  the 
point  of  a  knife  on  an  undeveloped  photographic  dry  plate  may  be  used  to  view  a 
candle  flame,  or  better  still  an  illuminated  slit  in  a  visiting  card.  They  furnish 
the  student  very  cogent  evidence  for  the  wave  theory.  Manj'  of  Frcsnel'a  diffrac- 
tion and  interference  experiments  are  easily  shown,  and  make  a  natural  starting 
point.  Lord  Kelvin's  Itcautilul  wave  model  is  within  reach  of  the  most  impecun- 
ious, and  is  a  powerful  aid  in  clearing  up  the  beginner's  ideas  of  transverse  waves. 

But  it  must  nof  be  forgotten  that  the  volume  under  review  ia  intended  also  to 
assist  the  student  in  the  laboratory  and  it  goes  almost  without  saying  that  it 
contains  many  excellently  selected  experiments. 

Our  experience  is,  however,  that  the  student  who  carries  with  him,  to  the 
laboratory,  his  ideas  in  terms  of  the  wave  surface  has  the  clearest  possible  views 
regarding  his  experimental  work,  We  are  still  speakina;  of  the  beginner.  If  his 
problem  be  to  determine  the  refractis'c  index  of  a  li([uid  by  its  "lifting  power," 
say,  he  measures  the  change  of  curvature  impressed  upun  the  spherical  wave-front 
at  emergence  from  the  plane  surface  of  the  li(|uid.  The  adjustment  of  optical  in- 
struments, measurcmfnt  of  focal  lengths,  and  determination  of  curvatures  fall 
into  line  at  once;  so  that,  in  tliis  maimer,  as  well  as  that  employed  by  Mr.  Glaze- 
brook  there  is  no  gap  bL-twcen  lecture  room  and  laboratory. 

And  aa  to  sDme  |irol>ltiiis.  a  trifle  more  advanced,  as.  for  instance,  the  resolv- 
ing power  of  prisms,  or  the  magnifying  power  of  the  astronomical  telescope,  one 
is  continually  astonished  sit  the  ease  with  which  they  yield  to  treatment  in  terms 
of  the  wave-front,  and  that  without  .iny  mathematics  other  than  the  elements  of 
geometry. 

Mr.  Glazebrook's  contributions  to  optics  are  too  well  known  to  need  rehear- 
sal here.  We  all  know  what  he  might  have  done  in  the  wa\'  of  writing  an  ele- 
mentary text-book  on  light.  ii.  c. 


'T^r^i^ 


404. 


Astro-Pbysical  Notes. 


Variation  of  GraTity  with  Altitude.— When  the  new  standards  of  mass  were  re- 
cently received  by  the  United  States  from  the  International  Bureau,  it  tras  re- 
mbrbed  by  one  of  our  officHals  that  two  kilogram  masses  placed  upon  one  pan  of  a 
balance  showed  a  different  weight  according  as  they  were  placed  side  by  side  or 
one  on  top  the  other.  That  their  weights  were  different  in  these  two  positions  DO 
one  doubted ;  for  in  the  second  case  one  kilo  was  certainly  some  fire  or  six  centi- 
meters farther  awny  from  the  center  of  the  Earth.  But  the  idea  of  this  difierence 
being  detectable  struck  many  as  bein^  incredible,  not  to  say  ludicrous. 

A  moment's  use  of  lend  pencil  and  paper  would  have  shownthcm,  however,  that 
the  degree  of  accuracy  required  is  only  (I )  about  one  part  in  sixty  million.  The 
possibility  of  weighing  with  this  degree  of  refinement  appears  to  be  an  accomp- 
lished fact. 

It^isnow  five  or  six  years  that  Messrs.  RJcharz  iind  Krigar-Menzel  have  been 
engaged  in  measuring  the  dimiuunition  of  gravity  through  a  height  of  some 
seven  feet:  a  piece  of  work  undertaken  nt  tlie  suggestion  of  Hclmholtz.  The  exper- 
iments were  carried  out  in  one  of  the  l>;istioiis  of  the  fortress  at  Sjmndau.  The 
essential  feature  oftlic  method  is  the  use  of  a  l)rilaiice  with  two  pans  hung  from 
eacli  arm,  these  pans  Iwinji  separated  liy  a  vertical  distance  of  220  centimeters.  A 
method  ofdonlile  weighing  was  eni[)1nyed  in  wliieii  one  kilui'raai,  A  say,  in  the 
upper  left  liand  pan  was  balanced  a^^ainst  kilogram  It  in  the  lenver  right  hand 
pan.  Then  kilo  .\  was  transfcn-ed  to  the  hwer  leil  hand  pan  while  B  is  placed  in 
the  upper  rinhl  hand  pan.  Thus  the  (junniity  measured  is  twice  the  change  of 
weight  in  cither  kilo. 

In  their  description  of  the  work,  [llVci/.  .Inn.,  Bd.  51,  pp.  559-583(1894)] 
these  gentlemen  give  a  valuable  and  stigfjcstivc  discussion  of  the  errors  of  the 
balance. 

The  precautious  taken  against  thermal  change,  the  bete  noir  of  physical  meas- 
urements, were  verj'  elaborate.  The  success  with  whieli  this  was  accomplished 
may  be  judged  from  the  fact  that  the  presence  of  a  man  at  the  balance  case  meant 
changes  in  temperature  from  which  the  balance  did  not  recover  sufScientW  for 
the  work  to  proceed,  until  the  lapse  of  five  days  {p.  560). 

A  few  hundredths  of  a  degree  difference  in  temperature  between  the  Upper  and 
lower  pans  produced  convection  currents  strong  enough  to  mask  the  effect  under 
investigation. 

Of  course  the  shifting  of  masses  from  one  pan  to  the  other  was  accomplished 
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Mercury  will  be  "eveiiing  star"  during  June.  On  the  22d  lie  will  be  at  his 
greatest  distance  (elongation)  cast  from  the  Sun,  and  will  set  about  an  hour  ^nd 
a  half  later  than  that  body.  This  month  will  be  a  good  time  both  for  daylight 
and  evening  observations  of  this  planet.  Its  phase  will  be  gibbous  during  the 
first  half  and  crescent  during  the  last  half  of  the  month.  The  moon  will  pass  by 
Mercury  on  the  evening  of  June  4-,  conjunction  in  right  ascension  occurring  at 
to"  32"  central  time. 

Venus  will  be  '"  morning  star  "  rising  about  two  hours  before  the  Sun.  She 
is  getting  around  toward  the  farther  side  of  her  orbit  so  that  her  brightness  is 
decreaung  considerably.  At  the  same  time  her  phase  is  becoming  more  gibbous. 
At  the  beginaing  of  the  month  0.67  and  at  the  end  0.76  of  her  disc  will  be  illum- 
inated. 

Considerable  has  been  said  lately  about  the  dark  part  of  the  disc  of  Venus  be- 
ing visible,  just  as  the  dark  part  of  the  new  Moon  is  visible.  Several  observers 
claim  to  have  seen  the  complete  outline  of  Venus'  disc  a  few  days  before  she  dis- 
appeared in  the  rays  of  the  Sun  this  past  winter,  when  her  crescent  was  very 
narrow.  We  may  say,  I  think,  that  this  visibility  is  not  from  the  same  cause 
that  renders  the  dark  part  of  the  moon  visible,  viz.:  reflected  earthshine.  Venus 
is  more  than  100  times  as  far  as  the  Moon  from  the  Earth  and  therefore  would 
receive  less  than  the  ten-thousandth  part  of  the  light  thrown  upon  the  Moon. 
The  most  probable  explanation  is  that  Venus  has  a  dense  atmosphere,  possibly 
more  extensive  than  that  of  the  Harth,  so  that  her  twilight  is  longer,  and  extends 
far  enough  into  the  dark  hemisphere  to  become  visible  from  tlie  Earth  as  a  com- 
plete ring  of  light  when  the  crescent  of  direct  illumination  is  small.  The  observer 
discerning  the  outline  of  the  dark  part  of  the  planet,  by  this  faint  ring,  would 
naturally  have  the  impression  of  seeing  it  all. 

Mars  will  be  at  quadrature,  90°  west  from  the  Sun,  June  17i  and  will  be  in 
position  to  be  observed  after  midnight  during  this  month.  Mars  will  move 
northeast  during  June,  from  Aquarius  across  a  little  corner  of  Pisces  into  Cetus. 
The  phase  of  the  planet  will  be  smaller  this  month  than  at  any  other  time  in  the 
year,  only  0.8+  of  the  disc  Ix-ing  illuminated.  Mars  will  be  in  conjunction  with 
the  Moon,  about  3"  south  of  the  latter,  48"  after  midnight,  June  25. 

Jupiter  and  Neptune  are  not  to  be  seen  during  June. 

Saturn  is  making  the  tuni  of  the  loop  in  his  apparent  path  among  the  stars 
of  Virgo.  He  will  begin  to  move  eastward  after  June  21.  The  amateur  should 
not  fail  to  make  the  most  of  these  summer  months  in  the  study  of  this  planet. 
The  surface  markings  on  so  bright  a  planet  arc  almost  as  likely  to  be  seen  with  a 
small  telcscojw  as  with  a  large  one.  The  Moon  will  pass  by  Saturn,  4°  south 
of  the  latter,  June  12,  at  2''  41"  p.  M.  central  time. 

Uranus  will  be  in  his  most  convenient  situation  for  observation  during  June, 
being  near  the  meridian  during  the  evening  hours.  He  ought  to  be  easily  found 
by  means  of  stars  a  and  M  Libra;  (see  Poole  Bros.  map).  Look  about  1"  30'  west 
and  30'  north,  /.  e.,  3  diameters  of  the  Moon  west  and  1  diameter  north,  of  a,  for 
a  star  with  a  dull  green  disc  a  little  brighter  than  the  star  /t- 
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[The  time*  glTen  are  local  time  for  Northficld.  To  obtain  Standard  Tlmea  for  PlaoM 
In  approximately  the  tame  latitude,  add  the  difference  between  Standard  and  Local 
Time  If  wcit  of  the  Standard  Meridian  or  fnbtract  If  east]. 


Date.       H.  A. 
'1804.       li   m 

June   5 6  12.1 

15 7  20.7 

26 8  05.7 

June   6 2  04.5 

15 2  48.2 

25 3  33.9 

June   5 23  20.7 

16 23  45.6 

25 0  09.6 

June   5 4  51.6 

15 5  01.4 

25 5  11.2 

June   6 13  12.7 

15 13  12.0 

25 13  11.9 

June   5 14  38.8 

15 14  37.7 

25 14  36.7 

June   5 4  48.4 

15 4  49.9 

25 4  51.5 

June   5 4  54.9 

15 5  36.3 

25 6  17.9 


MERCURY. 

Decl. 

Rltei. 

Traniita. 

Seta. 

O                1 

b    m 

li       m 

h 

m 

+  25  31 

5   19  A.  BI. 

1   15.3  p.m. 

9 

11  P.M. 

--23  47 

5  58     " 

1   44.4     " 

9 

31    '■ 

-^20  21 

6  21     " 
VBNUS. 

1   50.0    " 

9 

19    " 

-1-10  13 

2  24 A.M. 

9  08.3  a.  If. 

3 

53  p.  X. 

-1-13  49 

2  13     " 

9   12.6     " 

4 

12    " 

-1-17  01 

2  06     " 

9  18.8     "• 

4  32    " 

MARS. 

-     6  51 

L2  49  A.  M. 

6  25.0  a.m. 

12 

01  P.M. 

-     4  26 

12   24     " 

6  10.6     " 

11 

66  a.m. 

-     2  03 

12  00     " 

JUPITER. 

6  55.2     " 

11 

50    " 

-1-22  03 

4   17  A.  M. 

11  55.0  a.m. 

7 

33  p.  M. 

+  22   19 

3  46     " 

11  25.6     " 

7 

04    " 

-1-22  32 

3   16     " 
SATURN. 

10  56.0     " 

6 

36    " 

-    4  50 

2  30  P.  M. 

8  14.7  p.m. 

1 

59  A.  If. 

-    4  49 

1   50      " 

7  34.7     '■ 

1 

19    " 

-    4  51 

1   11      " 
URANUS. 

6  55.3     " 

12 

40    " 

-15  04 

4  38  p.m. 

9  40.6  p.m. 

2 

43  a.m. 

-14  59 

3  57     '• 

9  00.1     " 

2 

03    " 

-14  55 

3  17     " 
NEPTUNE. 

8  19.9     " 

1 

23    " 

-1-20  58 

4  20  a.m. 

11  51.9  a.m. 

7 

24  p.  M 

--21  01 

3  42     " 

11   14.2    " 

6 

57    " 

-1-21  04 

3  04    " 
THE  SUN. 

10  36.3    " 

6 

09    " 

+  22  37 

4   17  A.  M. 

11  58.3  A.  m. 

7 

40  P.M. 

+  23  21 

4  15     " 

12  00.3  p.  M. 

7 

46    " 

+  23  23 

4  17     " 
THB  MOON. 

12  02.4     " 

7 

48    " 
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Elongations  of  the  Satellites  of  Satnm. 

[In  the  dla^am  the  polnta  marked  O  are  thoie  of  eaitem  elongatloii  of  the  leveral 
■MellHet.  Their  poaltloai  at  Interval*  of  one  day  after  eaatem  elonsation  are  indicated 
b7  the  iTinboIs  Id,  2d,  etc]. 


June     2 

2 

3 

4 

5 

6 

7 

8 

9 

10 

10 

11 

12 

13 

1+ 

15 

16 

18 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


MIMAS. 

h 
12.3  A. 
10.9  P. 

9.5 

8.1       ' 

fi.7       ' 

+.3       ' 

2.9       ' 

1.6      ' 

1.9 
12.5 
11.1 

9.8 

8.4. 

7.0 

5.6 

4.2 

2.8 
12.8 
11.4 
10.0 

8.6 

7.2 

5.8 

4.4 

3.0 

1.6 
11.7 
10.3 

8.9 

7.5 

6.1 


EXCELADUS  Cont. 


DIONE  Cont. 


A.   U. 


ENCELADUS. 


June 


1 
3 
4 
5 
7 
8 
10 


p.  u. 

A.    M. 


7.0 
3.9 
12.7   p.   M. 
9.G 

6.5   A.    M. 
3.4   p.   M. 

A.    M. 


12.2 


W 
\V 

w 
w 
w 
w 
w 
w 

E 
E 
E 
E 
K 
E 
E 
E 
E 
\V 
W 

\v 
w 
\v 
w 
w 
w 

\Y 
E 
E 

E 
E 
E 


E 
E 
E 
E 
E 
E 
£ 


Jane  11 

12 
14 
15 
16 
18 
19 
20 
22 
23 
25 
26 
27 
29 
3(1 


h 

9.1 
6.0 
2.9 

11.8 
8.7 
5.3 
2.4 

X1.3 
8.2 
5.1 
1.9 

10.8 
7.7 
4.6 
1.5 


A.  M. 

P.  M. 

A.  U. 

II 

p.  M. 

A.  U. 

P.  M. 

X.  U. 

P.  M. 

A.  M. 

P.  M. 

A.  U. 

P.  il. 


TETHYS. 


June     2 

4 

6 

8 

10 

12 

14 

16 

18 

19 

21 

23 

25 

27 

29 


11.5  P. 
8.8 
6.0 
3.3 

12.6  ' 
9.9  A. 
1.2 
4.5 
1.8       ' 

11.1  P. 
8.4  ' 
5.7  ' 
3.0       ' 

12.3 
9.6 


A.    M. 


DIONE. 


June     2 

4 

7 

10 

12 


12.7 
6.4 

12.1 
5.8 

11.4 


A.  a. 

p.    M. 


A.    M. 
P.   M. 


E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 


E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 


E 
E 
E 
E 
E 


Jnne  15 
18 
21 
33 
26 
29 


h 
5.1 

10.8 
4.5 

10.  t 
3.8 
9.5 


A.    M. 
A.    H. 


P.    If. 


A.    H. 


June  5 
9 
14 
18 
23 
27 


RHEA. 

5.9  A.  M. 

6.3  P.  u. 

6.7  A.  M. 
7.0  P.  u. 

7.4  A.  M. 

7.8  p.  M. 


TITAN. 


June  3 
7 
12 
15 
19 
23 
27 


7.0  p.  u. 
9.9  " 

12.4  A.   M. 
7.4  p.  u. 

5.1  " 
8.0  " 

10.5  " 


HYPERION. 


June 


July 


3 

3.8  p.  u. 

10 

2.0  A.  u. 

15 

8.7      " 

19 

6.2  p.  M. 

24 

11.6      " 

1 

8.9   A.  M. 

B 
B 
E 
E 
E 
B 


B 

B 
B 
B 
B 
E 


I 
W 

s 

B 

I 

W 

s 


E 

I 

W 

s 

E 
I 


lAPETUS. 


May   17 

June      6 

26 

July     14 


4.3  p.  M.  W 

3.7  A.  u.  S 

4.0  P.  M.  E 

5.3      "  I 
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Elongations  of  the  Satellites  of  Uranns. 

[The  diagram  showi  the  Rppnrcnt  paths  of  the  Batelllte*  of  Uranui  during  the  anmmcr 
of  1894.  The  black  dots  with  the  namcralaindicatc  the  poi^tioni  of  the  aAtellltn  at  In- 
tervala  of  1  day  after  each  northern  elongation.  The  polnta  marked  O  are  those  of  north- 
ern elongation.] 

ARIEL. 


Jane 


June 


Jane 


2 

5.0  P.  il. 

N 

5 

5.5  A.  M. 

N 

7 

6.0  P.  M. 

N 

10 

6.4  A.  M. 

N 

12 

6.9  p.  M. 

N 

15 

7.4  A.  M, 

N 

17 

7.9  p.  M. 

N 

20 

8.4  A.  M. 

N 

22 

8.9  P.  M. 

N 

25 

9.3  A.  M. 

N 

27 

9.8  p.  M. 

N 

30 

10.3  A.  il. 

N 

UMBRIEL. 

h 

1 

9.8  P.  M. 

N 

6 

12.4  A.  M. 

N 

10 

3.9     " 

K 

14 

7.3     •• 

N 

18 

10.8     " 

N 

22 

2.3  P.  M. 

N 

26 

5.8     " 

N 

30 

9.2    " 

N 

TITANIA. 

h 

2 

7.3  A.  M. 

N 

6 

3.8  p.  M. 

S 

11 

12.2  A.  M. 

N 

15 

8.7     " 

S 

19 

5.2  P.  IS. 

N 

24 

1.5  A.  M. 

S 

28 

10.2    " 

K 

OBERON  CoNT. 
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Minima  of  Variable  Stara  of  the  Algol  Type. 

[OlTcn  to  tbe  nckmt  hoar  In  Centml  atuid«rd  Time.] 


U  CEPHEI. 
h 

June     3  12  m. 

4  12  midn. 

8  12  H. 

10  12  midn. 
13  11  A.  M. 

15  11  P.M. 
18  11  A.  M. 
20  11  P.  H. 
23  llA.jf. 
25  11  p.  H. 
28  10  A.  H. 
30  10  p.  it. 

S  CANCRI. 

Jane     9  10  a.  u. 

18  9  p.  II. 

28  9  A.  M. 

&  LIBR^. 

June     2  8  a.m. 

4  3  p.  SI. 
6  11     " 

9  7  a.m. 

11  3  P.  u. 
13  11     '■ 

16  7a.m. 

18  2  P.  M. 
20  10     " 
23  6  A.  M. 
25  2  P.  M. 
27  10      " 
30  6  a.m. 

U    COROX.-E. 

June     1  7  p.  M. 

5  6  A.  M. 
8  5  p.  M. 

12  4.  A.M. 
15  3  p.  M. 

19  2  a.m. 
22  12  M. 
25  11  P.  M. 

29  10  a.m. 
U  OPHIl'CHI. 

June     1  12  M. 

2  S  A.  M. 


U  OPHiqCHI  Cost. 


June    3 
3 

4 
5 
6 
7 
8 
9 
9 
10 
11 
12 
13 
14 
14 
15 
16 
17 
18 
19 
19 
20 
21 
22 
23 
24 
24 
25 
2fl 
27 
2S 
29 
li9 
30 


& 

4  a.m. 

12  midn. 

8  p.  M. 

4  " 
12  M. 

8  A.  H. 

5  " 
1  " 

9  P.M. 
5  " 

1  " 

0  a.m. 

5  *' 

1  " 

10  P.  M. 

6  " 

2  " 

10  a.m. 

6  " 

2  " 

10  P.  M. 

7  " 

3  •' 

11  A.M. 

7  •' 

3  " 

11  P.  M. 

7  " 

4  " 

12  M. 

8  A.  M. 

4  ■' 
12  midn. 
8  V.   M. 


Y  CVG.M. 
June  1   12  midn. 


12  M. 

4  12  mtdn. 

0  11a.m. 

7  11  p.  M.- 

9  11a.m. 

10  11  P.  H. 

12  11  A.  M. 

13  IIP.  M. 


Y  CYGNI  Cost. 
b 

Jnne  15  11  A.  m. 

16  11p.m. 

18  11  A.  M. 

19  11  p.  m. 

21  11  A.  M. 

22  11  p.  M. 

24  11  A.  M. 

25  11  p.  M. 

27  11  A.  M. 

28  lip.  M. 
30  11  A.  M. 
S  ANTLI^. 

IBverjr  third  minltnnm.) 

June     1  11  A.  M. 

2  10     " 

3  9      " 

4  9     " 

5  8     " 

6  7     " 

7  7     '■ 

8  6     " 

9  5     " 

10  5     *■ 

11  4     " 
13  3     •* 

13  S     '• 

14  2     " 
13  1     " 

16  1      " 

17  12  midn. 
17  1 1  p.  M. 
IK  11   ■■ 

19  10  '■ 

20  9  " 

21  9  " 

22  8  '* 

23  7  " 

24  7  " 

25  6  '* 

26  5  " 

27  3  " 

28  4  ■• 

29  3  " 

30  3  " 


Phases  and  Aspects  of  the  Moon. 


Central  Time. 


New  .Moon June 

Perigee 

First  Quarter 

Full  Moon 

Apo^t;c 

Last  Qu.-irter 


d 
3 
4 
10 
18 
20 
26 


4^56    P.  M. 
11  40   P.  M. 

7?14    A.   M. 
lf06    A.  M. 

4  50  A.  M. 
4  03  A.  M. 
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COMET  NOTES. 


DUccvary  of  a  Sew  Comet  (a  1894,  Deonias).— A  ulr^'rum  from  Mr.  John 
KiichU-,  Jr.,  ftoston,  Mnnrli  28,  annoiintrd  tiit  discovi-rv  iil  a  laini  tomf t  hy  Mr. 
\V,  P.  Denning  of  Bristol.  Hoglaad,  the  followinf^  being  the  dtucovery  position  ; 

Mnreli2Q.:«6  0r.  M.T.    R.  A.  ySS".    Dccl.  4- 32MS'. 

Tlic  comet  was  obwrxxd  at  Nortliftdd  on  tlic  cvming  of  March  2H.  and  found 
'  Co  be  a  veT7  small  ohjcct,  very  iliSiftUt  10  sec  in  the  s-inch  finder,  hut  rnstly  necn 
and  mcnsurcd  with  the  liVinch  telescope.  It  tLid  a  well  defined  nnelcus  of  the 
11th  magnitude,  with  nebuIositT  flnrrounding  it  between  1'  and  If  in  dtamctfr. 
It  bad  A  ahorl,  fili^bLly  S]ircadiri}t  tail.  2'  or  A'  long.  From  our  own  dhft^^^'at■on• 
Od  tiK  dnte«  March  3S,  April  1.  ami  April  3,  mc  have  «»m|iated  (.he  following  {tar- 
abolk  elements  of  the  comet's  orbit : 

Time  (if  pcribclton  ^  189*  Feb.  14.19fKl  Greenwich  mean  time. 

«  =  Iyongitiideof  perihelion  =  133^  ^6'  15" j 

0  ^  I.xn^tudeof  node  =    ~n    3*     1'J    [  Meflti  cqtiinox  1894-0 

1  —  ln<.'HnaLi<jn  =      6    31    06   | 
g=  rcribelion  distance  ^  1.2241)7. 

These  elements  do  not  represent  the  middle  place,  the  obecrrTation  of  April  I, 
whh  a  »nfficicni  degree  of  accuracy,  the  outstnnding  rciuduak  being  -f  S"  in  lonj;- 
itudc  and  -*-  2(1"  in  lutitudc.  These  nesiduals  cauuot  be  reduced  on  any  assump- 
tion of  a  [iiimlKtlic  orbit,  and  it  may  I»c  jirexamcd  that  the  orbit  will  tarn  oat  to 
be  an  ellipse  of  compnrativeiT  short  period. 

As  the  comet  is  KrT>»viti>:  rat>idly  fainter  il  is  not  probable  tbai  ttiuse  ntins 
small  telescopes  will  sec  it,  \Vc  ihrrcibrc  sivc  the  following;  cplMnucria  only  to 
uulicate  approximately  cbecnunte  of  tbecfimel  and  ito  inerenung  distance  from 
us.  Us  path  among  tlic  stars  during  April  and  Mny.  i5  shown  upon  Poole  Bros* 
Map  tu  l>iis  number. 


BrnsMBRIBOPCOHBTII  I894v 


K.  A. 


Dccl. 


log /J 


logr 


Br. 


Mnr. 

28 

10 

03 

24 

-(■3' 

ot 

Apr. 

5 

10 

zS 

^^ 

30 

44 

>3 

10 

SO 

16 

33 

44 

21 

II 

OS 

t» 

19 

OS 

29 

II 

»4 

M> 

IS 

47 

May 

7 

II 

39 

oH 

13 

48 

IS 

II 

S^ 

24 

10 

07 

»J 

12 

□^ 

0* 

7 

40 

31 

13 

16 

oH 

+    5 

33 

^ToJto 

0.1431 

I.OO 

9.763a 

o.i'ioS 

0.71 

9.S3Q1 

0.1799 

0.50 

9.S778 

0.1999 

0.35 

99345 

0.3301 

0.35 

9.9S95 

0.3403 

0.17 

0.0438 

O.IbOl 

0.13 

0^0933 

0.3797 

0.09 

0.1385 

0.3965 

OJOf 

A  Kew  Comet  DlKoverM  la  Aastralla.— A  telegram  from  Mr.  John  Ritdile  April 
6  annouuccd  tbc  discovery  of  a  comct  by  Mr.  Gale  at  Sydney,  Auxtralia.  Tbv 
diKorcry  [losition  wm« : 

April  2,944  Or.  M.  T.    R.  A.  2"  30"  48';  Dccl.  —  55°  3fl'. 

The  motion  ia  easterly.  The  comet  is  described  as  round  with  a  bright  con. 
den»otinn.    This  comet  is  too  far  south  to  be  viaiblc  at  any  of  tbc  oortbent  Ob- 

•ervalorics,  

A  Coaiet's  Tall  Diaoov«t«d  by  Bolnua,— Another  tclcgrnm  rrceivcd  April  U, 
Announces  the  discovery  of  a  bright  comet's  tail  by  Holmes  April  9.  It*  approxi- 
mate R.  A.  and  Dccl.  wei«  17*  58"  and  71*  +  30*. 
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Xpltemerii  of  Tempel'a  Second  Periodic  Comet  (1873  11) — Mr.  L.  SchuUiof  gives 
an  epbemeriB  of  this  comet,  in  Astroaomiacbe  Nacbricbten,  No.  3219,  for  the 
month  May  19  to  June  16.    The  elements  ascd  are  as  follows: 

Epoch  and  oscillation :  1894,  April  25.0  Paris  mean  time. 
M=       0°     15'    27"  <p  =  36°  26' 34:" 

«  =  306      14      22       1  /i  =  679".860 

U=V21      10     02       }    1894.0       log  a  =  0.478392 
/=    12      44      20       ) 

At  the  time  of  the  last  observation  of  this  comet  in  1878  its  brightness  was 
somewhat  less  than  that  which  it  should  be  theoreticallv  during  this  month.  It 
is  therefore  to  be  hoped  that  the  comet  will  be  found  at  this  apparition. 


May 


June 


BPHEUERIS. 

R. 

A. 

Decl. 

log^ 

1:/*J* 

h      m 

H 

0 

r 

'9 

0     i8 

39 

—  2 

4S.6 

0.22119 

0.190 

20 

21 

43 

2 

37-5 

31 

*4 

46 

2 

26.6 

0.22049 

22 

27 

48 

2 

'S-7 

23 

30 

5° 

2 

04.9 

0.2 19S2 

o.t88 

24 

33 

50 

S4.2 

^1 

36 

50 

43-0 

0.21917 

20 

39 

49 

33-1 

a? 

42 

47 

22.7 

0.21853 

0.186 

as 

**§ 

44 

12.4 

39 

48 

40 

02.3 

0.21791 

30 

51 

35 

0 

52.3 

3' 

54 

30 

0 

42.3 

0.21730 

0.184 

I 

0     57 

24 

0 

325 

2 

1     00 

16 

0 

22.8 

0.21670 

3 

1     03 

07 

0 

13-3 

4 

OS 

58 

—  0 

o.i-9 

0.21611 

0.182 

1 

08 

48 

+  0 

05-4 

II 

37 

0 

14.5 

0.21552 

7 

14 

25 

0 

23-5 

8 

'7 

II 

0 

32.3 

0.21492 

0.179 

9 

19 

Sf' 

0 

41.0 

lO 

22 

41 

0 

49.6 

0.21432 

It  • 

2S 

25 

0 

58.0 

12 

zS 

08 

06.3 

0.21371 

0.177 

M 

30 

50 

14.4 

14 

J3 

3' 

22.4 

0.21309 

tS 

36 

II 

30,2 

16 

1     38 

49 

+  I 

37-9 

0.21246 

0.174 

Mr.  Scliulliof  sav.s  that  the  uncertainty  of  the  time  of  perihelion  passage  can- 
not be  more  than  t  2  days.  Should  this  occur  two  days  early  the  R.  A.  of  the 
comet  would  ix'  increased  3"  35"  May  15  and  2""  55'  June  16,  and  the  declina- 
tion would  be  increased  lU'  May  15  and  11'  June  16.  If  the  perihelion  pas- 
sage should  be  2  days  later  tlum  calculated  the  R.  A,  would  be  decreased  3" 
43'  May  15  and  and  3""  02' June  16.  and  the  Decl.  decreased  10'  May  lo  and  11' 
June  16.  The  observer  searching  for  the  comet  may  need  to  sweep  over  a 
space  20'  wide,  extending  l^"  each  way,  cast  and  west,  from  the  predicted  place  of 
the  comet.  

Comet  b  1694  (Gale).— From  Science  Observer  Circular  No.  105,  wc  take 
the  following : — A  later  message  received  April  15,  contained  the  elements  as  given 
below,  which  were  computed  by  Kreutz.  From  these  an  ephcmeris  has  been  com- 
puted by  the  Rev.  G.  M.  Searlc,  which  is  given  below. 


Et-IUfttKTt. 

r  =  189*  April  13.B2  Grecnwicli  M.  T. 

m  =.  32-1'     ifl'l 

Q  =  306         f>  {Mcon  Bq.  t894'.0 

i  s=   87      a*  I 

9  =.9866 

Bphrusris  for  Gkeekuicr  Midxiokt. 


R.  A. 

Drcl. 

Light. 

)■ 

m 

• 

• 

' 

A  wit  28 
May    2 

7 

14 

40 

-27 

35 

5.47 

H 

5 

28 

-  It 

30 

S 

8 

*7 

32 

+    2 

44 

10 

9 

21 

U 

+  15 

IS 

3.21 

Light,  April  3  =  t. 

The  object  aanonnccd  ai  a  new.  bright  comet,  by  Hoimc*.  in  tbepo6ttiun,  R. 
A.  IT'  yS",  Dcd.  +  71*  SO*,  prove*  oot  to  huve  been  a  comet. 


Th«  comet  discovcrcH  by  retining  on  March  2ft  wue  nhncrvcd  here  t)ic  next 
oijjbt,  Mnrcb  27,  H  hour*  TS  Meriftian  time.  In  npproximnte  pasitinn.  K.  A.  9^ 
Bfl"  +  31°  29".  It  wa«  att  easy  object  in  the  10-iucli  reCractot,  having  a  rtcy 
cmali  bat  shariily  dclinetl  nnclcnn,  to  clnnc  to  the  etlj^  nf  the  nrbulusity  that  it 
was  90n>ewbat  doubtful  at  fif!)t  ^itihi  whether  it  lietonKcd  to  the  comet  or  waa  a 
star.  A  few  minutes  watching  showed  th;it.  it  was  a  part  of  the  comet-  From  the 
stellar  nuckus  extended  a  ahort,  broad  rnn-ahapcd  tail.  Many  fruitless  searches 
were  made  hew  lor  the  briebt  comet  reported  to  be  discovered  by  Holme*,  of 
England  on  .\pril  9.  Aa  neither  direction  or  rate  of  motion  wcrv  given  in  the 
announcement,  a  liir);e  rc|tton  of  the  aky  in  the  place  indicated  was  iiwtfpl  over 
uoti)  it  became  evident  that  some  mistake  had  liern  made  by  Mr.  Holmes,  nod 
thin,  I  have  just  learned,  was  really  the  case.  This  experience  eraphn>i«e«  once 
mon;  the  importance  of  otwaya  ascensiainff  motion  beyond  tbe  possibility  of  a 
donbt  before  makitig  a  public  nniioiincement.  If  tbta  is  not  poMible  at  diA- 
COTcry.  then  the  suspected  comet  should  )>c  telegraphed  to  some  lending  otMcr va. 
tory,  prcfcrablr  to  Harvord  by  Aincrican  iilmcrvcra.  With  iaolniction  lo  with 
bold  the  pnhlic  annonnccmcnt  nntil  verified  by  the  obKrvation  of  motion,  cither 
at  tlie  obsiTVfttory  so  uolified,  or  by  the  discoverer  bimself  TbU  simple  pnvAti* 
tiun  would  uitcn  save  the  very  considerable  rxpcnditure  of  a  world  wide 
anaonnccment,  and  Y^hnt  is  otten  of  lar  jireater  importance,  the  waste  a(  many 
boars  of  valuable  time.    To  all  of  us,  at  times,  ft  cicnr  w^g'iit  is  above  ricbca. 

wtixjAM  a.  naooKa. 

Smith  Obecrvalory,  Geucva.  N-  Y.,  April  1«.  189+. 


Photognpb  of  tbe  Pletadei.— Pin  te  No.  Xf  give*.  »  rrjirodnrtion  of  the  cen- 
Irjjl  («trt  of  the  photograph  referred  to  on  pase  192,  March  No.  of  Astkonomt 

A.ND  AbTltoPllVSICS. 

The  finer  details  of  the  nebula  and  many  of  the  fainter  stars  are  necessarily 
lost  in  reproduction  by  means  of  the  scrven,  but  if  the  render  will  hold  the  picture 
about  two  (cct  Irdni  the  eye,  the  meshes  of  the  scrceo  will  be  lost  and  the  effect  of 
tbe  photograph  in  a  measun;  realised. 

One  of  the  two  asteroid  trails,  that  of  (203)  Pompeja,  is  shown  aear  the  nsbt 
edge  of  the  plate  about  three  fourths  of  an  inch  from  the  bottom.  Tbe  other 
trail,  of  lB9i  AW.  wtu  on  tbe  upper  part  of  tbe  plate  which  has  liccn  ait  oflT  in 
reproduction. 


News  and  Notes.  413 


NEWS  AND  NOTES. 


In  No.  110  of  the  Johns  Hopkins  UniTcrsity  circulars  will  be  (bund  an  addrem 
by  Maurice  BloomGeld  on  "A  century  of  comparative  Philology."  In  that  ad- 
dress it  is  claimed  that  a  Hindu  by  the  name  of  Tilak  has  very  recently  made  im- 
portant discoTcriefi  concerning  early  date,  of  Vedic  literature.  It  is  also  stated 
that  Ttlak's  discovery  is  based  upon  astronomical  data  recorded  in  the  Vedic 
literature. 


ffautictl  Office  Invftstigation.— In  Vol.  XII,  pp.  664  and  760  of  this  publica- 
tion, some  notice  was  given  of  the  investigation  of  the  Nautical  OfBce  at  Wash- 
ington, D.  C,  while  the  same  was  in  progress.  Inasmuch  as  this  was  a  public 
investigation,  it  was  expected  that  some  public  notice  of  the  findings  of  the 
court  of  inquiry  would  be  given  that  persons  interested  might  know  the  result. 
Upon  inquiry  after  the  report  of  the  investigation  had  been  sent  to  the  Secre- 
tary of  the  Navy,  it  was  learned  that  the  results  of  the  investigation  were  not 
for  publication.  We  then  wrote  directly  to  the  Secretary  of  the  Navy  for  infor- 
mation concerning  the  results  for  publication,  and  the  reply  substantially  was, 
that  there  was  no  matter  for  publication  such  as  was  asked.  This  was  nearly 
three  months  after  the  report  was  in  his  hands  and  yet  one  of  the  porties 
in  the  investigation  claimed  he  did  not  know  what  the  decision  in  the  case 
was.  It  may  be  that  he  had  not  used  the  proper  means  to  ascertain  the  result, 
but  one  would  suppose  that  be  would  do  so  from  self-interest,  and  he  claimed 
that  he  had  sought  this  information  from  reasonable  sources  without  success. 
Writing  to  Professor  Newcomb  later  about  the  case  he  kindly  placed  in  onr 
hands  a  copy  of  the  Secretary's  letter,  which,  by  our  request,  he  permits  us  to 
publish.  It  throws  some  light  on  the  results  readied.  It  fully  exonerates  Pro- 
fessor Newcomb.    It  is  as  follows: 

(Copy). 

Navy  Departhemt,  WASHiuaTON,  Nov.  3, 1803. 
Profkssor  Sihon  Newcomb, 

Superintendent  Nautical  Almanac  OiEce,  Washington,  D.  C. 

Sir  :— I  have  carefully  examined  for  myself  the  report  made  by  Captain  Mc- 
Nair,  the  memoranda  submitted  by  the  Judge  Advocate  General  of  the  Navy,  and 
the  testimony  taken  in  the  matter  of  the  charges  preferred  against  you  by  Dr.  J. 
R.  Morrison,  and  take  pleasure  in  saying  to  you  that  there  is  no  evidence  what- 
ever to  show  that  you  were  guilty  of  the  charge  ]jreferred  by  Dr.  Morrison  of 
improperly  using  employees  under  you  to  do  private  work  for  yon  during  office 
hours.    The  evidence  exonerates  you  from  the  charge. 

I  think,  however,  that  it  appears  from  the  testimony  in  this  case  that  it 
would  be  of  advantage  to  the  Nautical  Almanac  to  have  the  benefit  of  your  con- 
tinuous superintendence  of  the  work  of  that  office  and  that  it  would  be  better  to 
revoke  the  leave  of  absence  heretofore  granted  to  you  to  attend  the  Johns  Hop- 
kins University  as  a  lecturer  two  days  in  the  week,  duriugs  its  sessions.  The  de- 
partment docs  not,  however,  impute  to  you  any  blame  for  such  absence.  You 
were  permitted  to  assume  the  duties  of  a  professor  nt  the  Johns  Hopkins  Univer- 
sity with  full  knowledge  on  the  part  of  the  Department  that  it  would  necessitate 
your  absence  from  your  duties  as  Sui«rintendent  of  the  Nautical  Almanac,  and 
the  order  which  has  been  issued  revoking  such  leave  to  you  from  and  after  the  1st. 


M^ 
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of  Jnnoan'  next,  is  strn|tly  carT-yiiig  nut  Uic  jioltcy  whicli  has  fKCu  rtiviitW  ilf»- 
pliol  \a  other  cases,  and  which  wa%  tlvtmiiinni  upon  Eit'tri  full  nml  cnirfnl  coaM<l- 
erntton, 

Takme  f^rcat  plcuatirr  in  tlins  exuncrutiag  jon  frum  ull  prrsonnl  blumc  in  tlit* 
matter.  I  am,  Vcrr  respcctftiUy  jaars, 

n.  A.  llntngtT. 

SnrreL'irv  uf  the  Nuvt. 

This  ill  vers  lij^attou  bns  aftcctcfl  l^jth  partirs  tu  it  ami'>iislv,  and  wc  cnii  tiut 
itDUginc  wrhy  it  hriM  been  iln-incd  Ixrat  to  withhold  frum  tlic  public  the  rniultji  uf 
tbls  public  investigation. 


ThfiDnited  SUtMCoait  SmrejrOffiu. —Sillier  rlate  of  Mnrcli  12,  IIk  New  Ynrk 
Eveaing  Post  cunlaine  a  cnlunnr  devoted  to  tl»c  present  "peril"  of  tbe  Uuitnl 
States  Const  ^rve>  ollice.  ua  aow  consLilulml  and  inaiiagcil>  Tlic  blow  nt  it  i* 
tail]  to  be  aimed  throuxb  a  provisiou  in  the  .suodi:>-  civil  appro priatiun  bill  which 
provides  for  n  ttntiKlVr  of  the  CoiiMt  Survey  olTicc  fri>ni  ihcTrciiKury  dcpiirtiiienllo 
tl»c  Navy  deparlniciit.  The  writer  nf  tlic  arlJdc  sin-alift  in  complitncnt.iry  wny  <if 
its  pre«iit  chief  officer,  Profc«or  T.  C.  Meudenhall  who  it  well  (iiid  liiviirnbly 
known,  and  bo  far  be  ia  riKbt.  Wlieltwr  bis  ^uvc  cburffe^  of  (Kiliti<.*:tl  tichrniin^if 
af(ain&t  thn«e  who  arc  now  seckin;;;  n  chnn^c  nre  true  or  not.  wc  do  not  know. 
However  this  may  be.  the  writer  bcl'on;  referred  to  gives  on  tntcrcsitiDj;  bit  o(  lli»- 
tory  rcffarding  tl>e  cbiingm  in  adminivtrution  at  tlic  Sarvcr  ofGev.  \Vr  extract 
thefoJlowiti^: — 

"Tlic  firrt  law  eiitnh(i»hing  the  xun-ey  whk  patscH  in  tH07,  and  the  Trmwiry 
drpitrlment  was  given  custody  of  it  by  I'lesidcnt  Jefferson.  The  interrnidions 
enuacti  by  tbc  wnr  of  tSI2  witb  Gnrut  Britain  were  followed  by  a  transfer  of 
jarisdii'tion  to  tbcNavy  dcpartrncat  in  ISIS,  and  this  connection  continued  tOl 
1S32,  when  CongrcM  pOMed  n  law  enlarging  soinewbnt  the  svupr  of  the  surrey. 
which  went  back  to  ita  old  place  under  the  Trensury.  This  cbnn;^  vea*  undaubt- 
edly  larjfctv  inducnceil  by  the  strung  rccnniniriiilntion  of  Sjimael  (..  Southanl, 
who,  n»  sccr«tarj*  of  the  Navy  in  182S.  rvpcaledly  declared  that  llie  work  bad 
not  pruRTCSScd  as  it  oit^bt  uuder  his  ■:lc|Mirtment,  and  that  the  dinrls  prepared 
were  tfaconneclcd  and  un  trust  worthy,  and  tbc  oi>cratiuns  ns  a  whole  "  very  rx* 
peninvc  in  proportion  to  their  itsefn loess." 

Hardly  Hnd  tbc  new  order  been  in  force  two  years,  wlicn  President  Jacloun 
cansed  the  transfer  of  tbe  survey  oner  more  to  the  Navy  deiwirtmcnt.  of  which 
Levi  Woodbury  was  then  secretary.  For  two  years  this  cx|>eriment  lasted.  Mr 
Woo dtnit7 meantime  had  taken  tbe  Trciisiiry  portfolio;  and  by  I83l>  both  tbc 
PrrMdent  and  Mr.  Woodbury  ha4l  become  ao  well  sntisticd  of  their  error  that 
they  restored  the  survey  to  tlie  Treasury .  where  it  reninined  nudist urbed  till  IfiW. 
Tlien  Congress  paKscd  a  law  in  cunncclion  wilh  tbc  annual  nppropriulionx,  rv- 
qniring  that  tbe  President  should  npixnnt  a  board  cousivlinK  of  civilians,  nuval 
oSeers.ond  armyent;iu«ers.  submit  tbe  i|Ucstion  of  theoriianiiation  of  the  survej 
to  them,  and  organwe  it  on  tin-  plan  approved  by  a  majority  of  the  board-  Tliii 
board,  thon^h  composed  of  only  three  civilians  and  six  commissioned  officers  of 
thearmy  and  navy,  recommended  that  tlie  survey  "shotild  be  under  tlic  contnd 
and  conmdercd  a  part  of  tl>c  Treasury  department."  Tina  recommendation  tvas 
adopted,  and  was  genernlty  accepted  a»  satisfnt'tory  till  IH'IS,  when  (inother  at- 
tempt was  made  iu  Congress  to  transfer  tbc  survey  to  the  Knry  dcpnrlmcnt, 
bttt  was  promptly  quashed  by  a  vote  to  the  house  of  dO  against,  to  SB  in  favor  of 


thr  tK'liniii',  iini]  ia  tlic  SmatcsorDC  niiHitba  Inter,  wIiiti  the  advocates  of  the  tnios- 
for  could  muster  only  2  votvs.  la  1H51.  the  projn.'t  hA ring  ticca  revived,  it  waa 
j^v«ii  Ha  (lentil  ltk>w  hy  a  n\iort  of  accrtlnry  Corwiii  of  the  TreMSurj,  anaiK'ering 
a  Srtutie  rc»ylniioii  (»f  inrjnirr,  m  wliicb  lie  rcvirwrtl  tltc  subject  historically  nnd 
cniivtiiced  the  iluiibtfiil  incfnbcrs  of  Congress  that  it  would  tic  Lctl  to  let  ibingfl 
Btand  IIS  thc^  vfvrr. 

Durinii  the  ciril  war  the  wrricea  rendered  by  the  dTilinti  survey  were  re* 
t»iittMllv  reciiK)>t«'t).  l)i*t  moat  )tiikiii>;lv  liv  Coinitiotlon:  D-  B.  Putli-i',  wUo  not 
unlj  tcll*  bi>iv  he  vt  an  itunitlicti  with  actruintc  charLx  on  which  to  plan  hi*  vrntcT 
e«ui|iaignR  in  tlic  Sonth,  hut  <lc»crlli««  in  one  o^  his  tctwre  hie  dependence  on  the 
persoQuI  (ircBciicc  of  two  ot  the  civlUnn  membera  of  ibe  tarvey  who  were  liclpiflg 
Utn  on  hcMird  of  liif  Aii£«hi|i,  tkchirinK:  "I  cannot  sprnk  too  hij^hly  of  thrftr 
fpentktn<-n.  I  assure  ytm  tlint  I  Ethntl  never  nndcrtakc  u  boubnrdmcat  unk«  I 
hrtvc  thcin  nt  my  »i(lr. " 

AtiullHT  i*tt<ni(>t  wrt*  innilc  to  diiiloilye  the  survey  in  1884,  but  wm  Kt^cn  up 
because  the  Joint  tommiiifiioii  iVoin  both  houses  of  Congrtm  lUat  looked  iuto  the 
matter  tuttinnctl  tliriuMtvcfl  that  nochiinge  would  be  uf  beuelit  to  puhUc  intcresLs. 
Tlie  reasons  n^ainst  u  tmn-iher  arc  even  Btron];cr  now,»iacc  t)>e  rcluthjlilntion  ot 
otir  navy  Itas  (iruvlilcd  cni))JoyRtnit  lbr»o  many  more  olhccni  nlueated  for  naval 
mI'vicv.  It  UcxlTi'invly  liillicnil  to-flnv  (^or  ihenavy  to  vfuirc  the  officers  nccunlly 
needed  in  thr  »ui'vey  work  under  its  extsiiiig  orKaniantioii ;  only  abont  lialf  the 
nnmlxTr  rurtni-rly  detniled  to  the  atinrcy  are  availnhk  at  pment." 


McridUoCirde  WorkAt  WAShiogtoa.— Ina  letter  dnted  Mnrrh  K,  IHM,  Mr. 
A.  S.  Skinnt-r  firm  ossialnnt  aittronomer  of  the  V.  S.  Naval  Obiiervatory,  *lHte« 
that  he  is  nctivrly  eiij{n];cd  In  the  obwrviition  of  Ihr  "  Jstrtiooaiue&e  0«mth 
■cbaft "  aone  —  1 3"  5lt'  to  —  IK"  10',  lie  has  made  »incc  he  commenced,  «onic 
two  months  since,  more  than  y.OOO  obtervniionn.  Tlic  wne  contains  8,089  star*, 
eidi  of  which  nit»t  t>e  ohwrvcil  twice,  once  in  cadi  position  of  the  tnstninicnt. 
Gt  ia  oosielcd  bv  MesArs.  Litlcll  und  Kiujf. 


Tht  Mew  Totk  Academy  of  Sdracct.  Stated  Meeting,  March  2Bib,  1H9-I..— 
Tite  taecliii^  or^anii^ed  with  Prcn'ilcnt  J.  K.  Hees  in  thr  chair. 

Apjipcrhy  It.  1-.  and  A.  C.  Cook,  nititird  "A  Monoereph  of  Scyonotus," 
was  rend  by  title  and  reterre<l  to  tlw  Puhlicalion  Comniitlee. 

The  Section  of  Astronomy  niid  Physics  then  orRanbcd  with  I'rofcssor  Rcm 
as  Chnirniiin  nnd  ProfeMor  Itiillock  ns  Seeietary  pivi  tcm/torc. 

Ill  tltc  abseutc  of  Mr.  Jncoby  his  |Mi[)CT  on  GI  Cypii  wan  rend  by  frolcKSor 
Rcc«.  TliiR  |>npcT  hiis  Ikch  putilisbcd  recently  in  full  in  Ihc  Monthly  Xoticea  (No.  3 
Vol.  LIV.,  Dec.,  18n3)  of  ibe  Royal  Aittonomkal  Society  of  London,  Professor 
Rees  calletl  ntuntion  to  the  iuportnace  of  all  obnervations  showing  changes  ia 
tlie  retntivc  powtjoiis  of  the  ci>n]|M>n<.-nts  of  fli  Cygni-  He  reninrked  on  the  |jre»- 
ent  (iiicrrtninty  a-*  to  wbrther  tlir  pnir  (ormeil  a  tn«-  Irtnary  ai-stein  or  not.  Cal- 
cnlatioii.1  it:u)  ^'ivm  such  tliffcrinj;  oiltiti  lu  nic  indii-iitcd  by  |icriodK  of  llJiO  and 
inayr.im.  The  oir^-i  v,ni'.n«  of  S.  \V,  ]tumh.-im  lead  him  to  c«include  tlmi  the 
mrmlx-rs  of  tin:  \niu  itrr  >c]>iiratiii);,  nnd  iVotvs&or  Hall,  from  Iris  oluicrvnlionscx- 
tmdinfforrrn  period  of  12  years,  fuvors  the  view  of  a  physical  connection  of 
these  stars  (Afttr.  Journal,  No.  Li.lH,  page  140). 

]*rolcnor  KnIlock  rend  a  |ta|icr  on  a  mctbod  of  dc6uiiii{  standard  colors,  nnd 
showed  many  samplca  of  colors  nnd  tlic  five  disnt  of  ^tnndard  color  used.  Tbe 
ptelhods  of  defiuiiii;  ■Inmlnnl  color  with  tlicffl  were  ilhistrated. 


416 


News  sad  Notes. 


ProfcaBor  Rcca  remarked  opon  the  important  of  tlic  w<irk. 

Pr.  See,  or  the  UnlvcraiCy  of  Chtcaf^o,  then  dtttcusscd  the  "Origin  of  thv  Ilt-iiT- 
enly  Bodies,"  illustrAtcd  wHIi  lantern  altdcs.  He  l)clk-vc«  tbMt  llir  donhk-  fitHr* 
oHftinatcd  by  tlie  awin^pg  »i».-irt  of  one  nchtiln  thrnnjjh  a  piocvso  of  vplittin({. 

The  pn^KT  was  discussed  tiy  ['resident  Rccb  and  others. 

Pahtiutio&s  at  tbe  Lick  Obcervatorr,  Vol.  11,  1894,— [>ouble  Stnr  mcaBanM 
made  with  the  3ft-inch  anil  the  12-iiich  Clark  Refractor  of  the  Lick  Ob»erT»tory 
in  1889.  1S90  and  1S91.  by  S.  \V.  Llurnham. 

This  pnblicntion  is  an  iniereaLlris  volume  nnd  prrpnred  in  t-xccllent  way.  The 
raicTOtnetrical  mcaanres  of  the  double  stnm  arc  {pvrn  inHiridually  accompanied 
by  important  nolca  from  vnrjnna  snitrccs  pertflining  to  many  of  tlieni  And  ilhiii< 
trattow  of  ajiecial  features  of  some  give  added  value  to  the  datii.  The  Inrgc, 
dear,  pa^c  and  the  cxeclleiit  printing  nre  in  kecpin);  writh  the  ebnractrr  of  the 
work  and  mnke  the  »oIumc  11  very  dexirabtc  one  for  the  astronomer's  library. 

Tlic  frontispiece  i«  11  line  ph«liigra\-nn:  pintc  of  the  mic romeler  of  llie  3G4ncl) 
refractor.  The  kinds  of  work  done  by  Mr.  Buruhain  and  pnblbthcd  in  thitCAt*- 
logve  may  be  giren  under  the  folluwini;  hcnds  ;— 

MeasnrM  of  stars  noted  as  double  in  Krueger's  CalaloKue  of  the  Astronom- 
ical zone  fiS'  to  65°. 

Zusatz  by  Professor  Kmcger. 

Meaxurcji  of  stars  noted  as  doubk  in  the  <t5froDomue&e  Gcselhchaft,  zone 
65"  to  70". 

New  Nebulte. 

Mca5un:s  of  Planetary  Nebulir.  Obverratione  of  Ncbuls  with  the  SG-incIi 
tirfrflctor  of  the  I-ick  Obwrvatory. 

New  Double  stars  discoTcred  at  the  LWt  Observatory  iu  the  years  IH8«  to 
18S2. 

Pourteeiith  Catalogue  of  new  doable  stars  discorered  at  the  Lick  OhnerTa- 
tory. 

Fifteenth  Catalogue  of  new  double  stars  discoTcrtd  with  the  3(>-incb  refrac- 
tor of  Ihf  Lick  Observatory-. 

Sixteenth  Cataloj'cc  of  new  double  stars  discovered  at  the  Lick  Observatory 
in  May,  June,  July,  1888, 

StvtntcciithCaialo|'i»eof  new  double  stars  discovered  in  1800  with  the  36- 
incbetiuatorial  of  the  Lick  Olifterv.itory. 

Eighteenth  and  Nineteenth  Catdofpies  of  new  double  stars.  Additinaal 
notes. 

LUt  of  the  Catalo^iKs  of  new  double  slats  discovered  by  S.  W.  Burnbnin' 

\Vork.4  issued  by  the  Lick  Observatory. 

Tin-  iiddiliuTial  tiotcs  cover  cii-ljtccu  patfcs  and  form  a  very  uxefnl  part  of  ll»c 
puhlicatiou  Imcuusc  the  matter  is  to  dale  and  tbe  illustrations  ol  orUils  are 
numerous  and  deduced  by  modem  approved  mctliods. 


Chandler's  Oitimms  of  the  Hjrvard  Pbgtomotric  Observations,— Last  niontli 
we  called  attention  liriefly  to  criticiBms  made  by  t>r.  Chandler  in  .-I.  A".  3214.  in 
regard  to  the  Harvard  photometric  obscr^-aliona.  We  then  tbouj-ht  ami  slill  do 
that  Iris  criticisms  arc  not  without  bins.  This  sentence  or  two  from  tbe  lirsL 
paragraph  isa  wimple.  He  says:  "To  be  tnort  specific,  a  list  of  some  of  these 
<H>n trad ic lions  is  here  ;;ivt-u.  It  is  by  uo  means  complete,  but  comprises  perhaps 
the  more  import.tnt  re«n1U  of  n  somcwliat  desultory  examination,  winch  wns 
carried  far  enough  to  jnaiify.  as  it  seemed  to  me,  an  impression  of  diAimst 
whellier  any  of  Lbcsc  obseni-ntions  arc  HuitaMc  lor  any  precise  or  critical  j)uri>ose." 

His  "desultory  e».-imination"  is  sufficient  to  justify  a  distrust  in  "onyof 
these  obscrvntiona"  .  .  ."for  .-my  precise  or  critical  purpose.  Is  this  fair  nnd 
friendij  criticism?  Wc  do  not  think  it  is  at  all  "Icxitimaie"  criticlsni,  tf  be  tliat 
word  is  meant  fair  and  friendly  dealing  with  tbe  work,  of  another.  We  00  out 
qoestion  Dr.  Chandler's  facts,  but  wc  do  condemn  his  broad  infermcrs. 
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The  Peters-Boist  Star  CatalogUB.  —  Aliout  1889,  the  manuscriiit  or  a  cet- 
alogue  of  35,000  stars  was  coiupleted  at  Litclificid  Observatory  uf  Hamilton 
College  and  made  ready  for  publication.  Th.c  observations  and  reductions  were 
made  in  the  main  by  Charles  A.  Borst,  then  assistant  to  Dr.  C.  H.  F.  Peters,  di- 
rector of  Litchfield  Observatory,  wlio,  it  was  claimed,  planned  the  work  and  di- 
rected it  in  the  beginnin;;.  Wlien  the  manuscript  was  completed  Mr,  Borst  re- 
Aisedto  give  it  up,  claiming  it  as  his  own.  The  matter  was  taken  to  court  and  tried 
before  Judge  Williams  in  Utica  in  the  spring  of  1889.  and  it  was  decided  that  the 
catologue  belonged  to  Dr.  Peters.  This  trial  attracted  wide  attention  in  conse- 
quence of  the  scientific  features  in  the  case  and  the  prominence  of  the  witnesses 
called  to  testify.  Since  tlie  death  of  Dr.  Peters  which  occurred  in  1890,  the  contest 
has  been  maintained  by  Hon.  Elihu  Root  of  New  York  as  administrator  ia  the 
appeal  made  by  Mr.  Borst  to  the  Court  of  Appeals  of  New  York.  From  the 
Utica  Herald,  April  11,  we  learn  that  the  Court  of  Apjieals  hand  down  a  decision 
reversing  that  rendered  in  1889  by  Judge  WillianiR  and  ordering  a  new  trial. 

While  neither  of  the  parties  claimed  that  the  star  catalogue  hiid  commercial 
valnc,  it  was  shown  by  the  testimony  ot  Professors  Hall  of  Washington,  and 
•  Boss  of  Albany,  that  the  cost  of  work  was  not  less  than  $12,000,  For  a  state- 
ment of  the  case  in  important  particulars,  see  Vol.  VIH  Sidereal  Messenger,  pp. 
138,  455. 


A  Brilliant  Meteor.— On  April  10th  at  8:35  p.  «.  a  very  brilliant  meteor  of  ex- 
quisite beauty,  moving  iK>ssibIy  at  the  rate  of  10  or  12  miles  a  second,  spanned 
an  arc  of  the  heavens  east  to  north.  It  entered  onr  atmosphere  tx'tween  the  stars 
£  and  C  Hercidis,  sailing  in  the  direction  of  y  Ursit  Minoris.  It  disappeared  near 
the  star  B  Draconis.  Its  duration  did  not  exceed  7  seconds  of  time.  Its  color  was 
of  a  brilliant  cerulean  blue,  followed  by  a  short  trail,  or.ingc  and  purple  in  ap- 
]K'arance.  Its  shape  was  elliptical,  the  major  axis  in  the  line  of  motion  seemed  to 
be  fully  -M)  minutes  of  an  are,  somewhat  larger  than  the  dinnieler  of  the  Moon, 
whereas  the  minor  axis  did  not  exceed  If*  minutes.  These  figures  may  lie  some- 
what cxaggcr;) tc(l ;  as  a  brilliant  ()i>jecl  projeetcil  suddenly  on  a  dark  background 
by  an  optical  illusion,  apjicars  invariably  much  larger  than  its  rc.il  dimensions. 
This  meteor  did  dot  explode,  which  shows  that  it  did  not  Iwlong  to  the  family  of 
bolides.  The  star-gazers  of  Heli/e,  who  were  hnp])y  enongli  to  catch  a  glance  of 
this  large  meteor  must  have  realized  that  tiny  were  the  witncssers  of  a  very  rare 
anil  beautiful  iilienonicnon. 

C.  M.  CIl.\liROI>l>IN,  P.  J. 

Conwal,  British  Iliiulnras.  Central  Amcrlea,  April  18,  1K94. 

While  observing  recently  with  llie  (>-ii)L'li  drubb  equatorial  of  this  Oljserva- 
tor}',  the  writer  pii-ked  iip  n  ilouble  star  in  the  constellation  of  Canis  Major, 
which  appears  to  be  new.  In  the  hope  that  it  may  prove  a  new  binary  system, 
the  writer  measured  llic  slar  as  carefully  as  circumstances  would  allow  on  two 
nights  with  our  Grubli  position  iTiierometer.  Dwing  to  inex|)erience  in  this  sort 
of  work,  the  hiintncss  of  the  star  in  so  small  a  telesco|ie,  an<l  the  pi)orness  of  the 
driving  cluek,  these  measurements  leave  much  to  desire. 

March  2S,  ].S!(+  —  .'S'MK  —  277  .5 

March  :il,  1S',)4.  ~  r>  .2.">  —  270  .0 

P(,wer=:  150. 

The  magnitues  are,  jtossibly,  ;>.5  and  9.4-. 
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Xewa  and  Notes, 


Tlie  well  koown  doiibto  star  Lalaadv  l-t292,  prwnle*  tbis  slnr  li,r  <fl  scconrla, 
and  is  10'  soulh  of  it.  Thr  poftilioti  of  l^limdc  H'JM'-i  Inr  1880.  tta  takvn  frutn 
Vol.  -i  iif  thr  Publicationfl  of  ihc  Cincinnati  Ohwri-atory,  in: 

R.A.  =      IT^lVia* 

This  Kivn  thr  ficw  iloiiblr  an  R-  A.  of  7"  U"  QH*  and  A  of  —  21"  50'  for  ll»e 
vnmr  yvnr.  KuoRK&i'itAOue. 

Chnmbcrlnii)  OI>«.TA-«t«ry, 
Ucnvct.  April  2.  I  hO+. 


(;! 

From  C«n«da.— Mr.  J'.>tiii  \.  PatrnHin.M.  A.,  VK.-r-t'n.'sitlrnt,  pmidcd  orcr  lbi> 
nircliiignf  M.itvti  liO,  ISd-t,  the  Antronfiniical  and  I'lt^rsical  Sot-iety  of  TornntD. 
Intctratittf;  letters  wttr  rcfld  iVfirti  M,  rani  tlrnr,v,  i>(  lli«  Natintml  0Li«rrvAroi7-. 
P:iri«,  TTHm-c;  Mr.  E.  W.  Mnundtr.  F.  R.  A.  S.,  uf  Grwijwich  Obscrviitorr ;  Pru- 
IV'ssor  W.  H.  Pickcrin;*  of  Arc4|iti|Mi,  Peru;  Proftasor  S,  \V.  lliimlinm,  of  Chicaijo; 
Proftts-ir  W-  W.  Pnynr.  E4litor  ofAsTHoKauv  anp  AsTKn-PuTsics;  LinUcnant  A. 
G.  Wintcrlinllcr,  U.  S.  N.;  Mr.  Kudkins.  Secrttary  tif  Tlic  Mnllirmaticnl  nnil 
Phyxical  Society  of  Ihr  Uoivtraily  o(  Toroiijo  and  otl>cr».  wrveral  of  whinu  Vfrtili- 
III  lerm»  of  high  praise  of  Ihc  Inct  annual  Kcport  jnsl  ttu(Ui.tl  by  tlti-  AFtrunomiCal 
Sloocty. 

A  report  tapoB  the  subject  of  aEing  conlrocted  o|Mrrtiircs.  by  BLDp|rinK  dowD 
telcscoprs  t>y  insrrtini;  u  vard-bnnnt  di.ic,  c«ivtring  the  contmt  part  of  thr  nbivct 
flimsy  wa»  neiit  in  by  Dr.  J.  C.  Ilounldson,  of  Fergus,  who  had  found  tlial  tbe 
tk-lininf;  pi>wrr  or  n  fintt-c)aft>  instninirnt  did  nol  «uffrr. 

The  ClinirrnHn  read  a  Krirs  nf  rxtrHi:ts  frmn  a  Humcwliat  tcouirknblr  srlide 
by  Sr  Jfobcrl  Ball,  ntwitly  printed  in  Tlic  Forlnixbtly  Review,  rntitled  "  St^nifi- 
cttncrofCurl)OTiin  iIk  nniversc." 

ScTrral  tnitrnctiv^r  and  ctitrrtnining  pnpcrit  on  Magnrtitun  were  prnd  bj?  Mr. 
If,  C.  Pttn*ry,  Mr.  J.  A.  Collins  and  Mr.  Tliiinms  Lindsay.  EspeHmenta  wwc  per 
(orntcri  by  ,Mr<  Cullinci;  also  bv  Mr.  \.  Ariin3ibi.*r}i;.  wbu  bniu^ht  with  him  a 
powerful  oinKncto-mn  chine. 

Meeting  of  Aptil  17:  Ctinir  occupied  by  Mr.  John  A.  Pnlrrtott,  M.  A.,  Vicc- 
Pre«lclcui, 

CommunicatTons  itwluded  Ictler^  frnm  Mixit  Agnes  CIcrke.  <if  London  nnd 
(Wtm  tbc  Royal  Sodcty  of  Ba^land  oskinj;  the  Society  (o  consider  tlie  adviflnbiliEy 
of  awisting  in  cxtabltxhing  a  central  ofTirv,  or  Hurcan,  to  ))r  anxtnincil  by  tntrmn* 
tioniil  cuntributioos.  .tnd  to  l>c  cbar^cd  willi  the  duty  of  coinpiliiii;  a  complete 
catalo)*iie  containing  titles  uf  tcicntifii:  publication»,  wbctber  a|i|ienring  in  pcriud- 
icolf  nr  iiiilc|VM(lenily,  tbc  titles  to  lie  arranged  not  only  a«'or<linK  to  atitboni' 
namrii,  bm  also  accurding  to  siiibject  mntter.  If  .^nflictrnt  Kuppurt  lie  gifcn,  tlic 
new  cntalM^uc  will  ctmiiiKiice  with  tbc  year  ItMMt.  Tlironjjh  Mr.  Charles.  C.irp- 
mnel.  F.  R.  A,  S,,  an  appeal  wrat  prewentetl  from  tbc  I'nivcnqty  of  CamlfridRc, 
addressed  to  frieadK  of  lite  University  and  to  all  interested  in  Astronomicnl 
Sciencf,  for  nssinancc  to  raise  $1 1,000  to  complete  the  cele»ltnl  pbotogmpfahig 
rquipincnt  of  the  University  Obwnrntnry. 

Under  oli9crration<t,  Mr.  Tbomn»  Lindsay  read  the  first  report  of  work  in- 
tended lu  )>r  done  with  tlic  Wtlaun  telescope;  Mr.  G.  0.  Punter  lianded  in  o  niim- 
ber  of  drawiuKE  of  liie  «^olor  disc,  with  s|iu|ji,  ubtainrd  very  luitisfni-lurity  bv  piv- 
jection,  and  Mr.  ].  A.  Copland  contritiutcd  detailed  description  of  n  recent 
anrorn. 

Coneidcrntion  of  "  magnetidm  "  xras  mniined,  a  series  of  short  paiters  tietii}; 
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read.  Mr.  Lindsay,  was  introductory  in  character,  and  in  a  popular  style.  Mr. 
W.  Barlonr  Musson's  dealt  chie6y  with  the  experitnents  conducted  many  years 
ago  and  related  l>y  Bfiron  Keichenbach.  Mr.  A.  Elvin's,  was  illustrated  by  a  num- 
ber of  unique  and  clever  experiments,  ut  which  Mr.  J.  R.  Collins  assisted. 

To  finish,  there  was  an  address  by  Mr.  A.  J.  McDonald,  inventor  of  The 
McDonald  Tellurian,  an  extremely  simple  and  inexpensive  device  for  explaining 
astronomical  motions. 


The  Chicago  Academy  of  Scieocea.  Sectha  of  Mathematics  and  Astronomy, 
April 9 tb. — The  rcguiiir  monthly  meeting  was  held  at  the  Chicago  Athenaeum; 
I'rofessorG.  W.  Hough,  I'rtaidcnt.  in  the  cliair.  After  the  trnnsactiun  of  routine 
business,  the  Scctii>n  proceeded  to  the  progrnni  of  the  evening.  Mr.  A.  C.  Behr 
read  the  first  paiier  on  "  Observntioiis  of  the  I'k-iudes  since  the  time  of  Ptolemy." 
The  8i)eaker  discussed  the  observations  ol  Hipparclms  and  I'tolemy  as  given  in 
Baily's  edition  ol  the  cnlaloKiie,  .tiuI  referred  to  the  probable  variability  of  j; 
Tiiuri.  rtugh  Bei^h's  rating  of  this  star  as  4lli  magnitude  np(x:nrs  verified  by  a 
comparison  of  31  3d  mMgiitiiule  anil  fit  4-111  magnitude  stars  in  the  catalogues 
of  lleveliiis,  Halley  and  Tjclin.  A  change  of  nearly  two  magnitudes  in  other 
wtarsof  (he  group  probably  formed  ilic  basts  of  K.  Wolfs  opinion  that  some  of 
the  brighter  stats  are  slowly  variable.  A  chart  by  Mr.  I'cck,  F.  R.  A,  S.,  "The 
Hlciades  as  seen  by  I'tcileniy,  A.  D  .  137  "  was  exhibited  on  the  screen  ;  seven  stars 
are  shown.  'Jl  and  2S  Tiinri  noi  included.  I'ickering's  explanation  of  the  ab- 
54-nce  of  2S  Tauri  by  iis  bright  line  spcctrnm,  wi'uld  leave  27  Tnuri  still  unac- 
counted for;  while  according  to  the  legend  it  was  17  in  the  extreme  opposite 
portion  ot  the  gronp  which  disajipeared.  Mr.  Bchr  did  not  regard  the  chart  as 
trustworthy.  He  referred  tn  the  brtglit  line  C  in  the  spectrum  of  tf  Tauri  recently 
discovered  by  Campbell,  and  ai.iu  to  Miss  .Maury's  notes  on  the  si>ectrum  uf  28, 
Tauri.  lie  said  that  the  drawings  of  Wolf,  M.  Hull.  Temple,  von  Lit  trow,  and 
the  phot€)grapliic  plates  ol  Coniinon,  Kobt-rts  and  Henry  show  no  nebulosity  near 
27  and  28  Tauii;  lint  nelmlnsity  liiiil'lieen  observed  by  Spitalcr  and  others  at 
Vienna,  In  regard  to  Jeauriat's  observati<jn  in  1768,  Kanyard  had  said  "doubt- 
ful, no  nebula  drawn;"  Jeanriat  had  only  marked  the  Bessel  stars  31  and  32 
'nebuleuse." 

This  seemed  to  l>e  worthy  of  uttintion,  since  31  and  32  and  the  visible  nebu- 
losity are  in  the  san)c  region.  Mr.  Ikhr  thought  that  Bcssel's  measures  of  the 
I'leiadcs  and  those  recently  made  by  Ulkin  would  in  time  disi'losc  the  mechanism 
of  tile  cluster. 

A  general  discussion  followed  the  reading  of  the  paper.  Professor  Burnhum 
did  not  think  some  of  ihc  observations  nicntioneil  were  very  trustworthy,  but 
made  some  interesting  remarks  i>n  Ilarnarfl's  nebula  near  Mcropc,  which  he  de- 
clared was  a  most  difficult  object  to  observe.  Professor  Hough  made  some  re- 
marks on  the  distribution  of  the  nebulous  matter  in  the  Pleiades,  and  on  the 
nebulosity  of  the  heavens  generally.  Dr.  T.J.  J.  See  read  the  second  paper  of  the 
evening,  'ntitled  "  .1  Vinit  to  Some  Uasiern  Observiit'irica,"  which  gave  a  sketch 
of  the  work  he  found  in  progress  at  the  Observatories  whiih  he  had  recently 
visitLcl  while  making  a  journey  to  Washington.  Haliimore.  New  York  and  Boston. 
He  reported  that  astronomical  work  was  making  good  progress  in  the  Bast, 
and  said  his  journey  had  been  a  most  agreeable  one.  After  some  further  discus- 
sion the  Section  adjourned.  T.  J.  J.  Sek, 

Recorder. 

Errata.— Page  311,  line  —  2.  for  10940  read  20940.  Page  312.  line  -|-  24,  for 
These  read  Three.  The  last  one  is  comparatively  unimportant,  the  first  one  is. 
Possibly  they  were  not  plain  in  the  MS. 
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PUBUSKER'S  NOTICES. 

Tbenultsoription  price  to  Asthu.nuuv  and  Astko  I'li  vsick  in  tbc  United  SiAlcSj 
•rul  Caniidit  ia  $1.0(i  \vt  vcnr  in  advance-    For  (ortif^tt  rriiiiiircc<i  it  is  £1  iir  20.it( 
raartiM  \kt  yi"if ,  i>i  ;i'lv.'int-f,     Httciit  iotrcaiiC  in  ]irit.x  to  lorciyii   sulnKrilwr*  in  iltw 
lo  iiiCTcn^i.-  <>('  iHfMik^'  iKcnn^^;  ol  cular[;i^i^  t>i/c  during  tlic  year  16!>2.    Mr»rs.1 
Wc«tc^  iir  Soil,  lis  I'ksi-x  Strcft,  Str;in(l.  London,  nrc  atithorued  in  r«*ivc  ittl 
■cripliiiiis.  mKI  I)c  in.iite  in  pcistnl  iiotc«  or  uidciw  or  bnnli:  drafts, 

CurrcKi  5  hv  *cnt  I'V  roiiisUTt*!  k-twr. 

I'nrri^it  |><>^..iiiii.v  Miners  shoiiUl  always  bcdmwn  on  tlv  post -office  in  North- 
fi«kl,  Miiinc!i<<i:i,  U.  ^.  A. 

All  vomniiin)ciilion»  ix-rtntiiinK  to  As tn>-r  113*6 iw  or  khidrnl  brandies  vf 
physics  slmiild  be  sent  to  r^rorRc  it.  Ijnic,  Kenwood  Otiaervator;,  at  the  L'nivin^ 
tily  <>r  ChiL-aKt^,  Cliic'iij^o,  III. 

For  :nform:iti<iti  ul  corn-et^iidt;iit!>,  lite  nnmcit  nnd  addresses  of  ibc  amncSatc 
cdiLorRor  AsTiiii-l'Pirsicsan  civen  nsfotUnvs:— 

Jiimc!"  K.  Kcdcr.  lll>'M;tv»ii»r_v,  Allc^licnj-.  I'm.;  H<-iii_v  Ctcw,  NuTihwctiUm 
University,  Cvaostun.  HI.;  J>->b.  S.  Ames,  Ji|mi9  ({(•|it:>n6UniveTsii,v,BaUimorv.  Md. 

All  matter  or  corrcHiKimlentc  rL-latiiij;  to  llcniral  .Xsirononiy,  nrniittaan-s, 
•iibiKriptitm*  nnd  jidviTlisinar  shnnlJ  he  sciii  to  Wm.  \V.  I'aync,  I*(|l|li»llt^r  unj 
I'ropricior  of  Akthonomv  asi>  Asriii»-l'm&K'».  tloodtK-ll  Oliecrvniorv  r»(  Corlcton 
Ctlltcgc.  NorthficUl,  Minn.;  and  tlie  A^andatc  Hdilnrit  lur  t^encra)  Antrunomv  nrr: 
S.  W.  ilarnliain.  Govcnuncnt  Unddin;;,  CItH'nuo  111.',  E.  H.  Unrnaid,  l.ictt  0I>- 
ttervatory,  Mt.  Hamilton.  Cal..  and  H.  C.  Wilson,  OuodBcIt  Observniorr.  North- 
field.  Minn. 

Maniisci'ipt  for  )iiiWiviili<in  slimdd  tw  wriltcii  on  one  side  i>f  tlie  ikiijct  only 
nnd  :iiKcia{  cnre  slwuliJ  he  taken  o  wrilc  prnptr  ntimcs  at"!  all  ttireign  names 
plainly.  All  dmwinns  lur  publiciition  sliould  l>c  smuothly  nnd  carefully  mndc,  in 
Imlia  Ink  with  lettt-niis  wcU  done,  liccmipcsiK'Ii  Iiriiits  art  i-njHcd  exni-tly  by  tlie^ 
priK'e.<is  of  cngrnvin^  now  usrd.  If  dravvitiK^  are  madi-  about  dunlile  the  ^ec  tn* 
tended  for  the  printed  (>mj;<-'.  Iwttcr  efftvt  will  be  seenred  in  cn|j;raviii>r  than  il  the 
copy  is  less  in  si«.  It  is  requested  that  in!inii»cfi)tt  in  French  or  (.icrniuti  l»c  tyj^c- 
writtcti.  U  ri't|nested  by  lite  authors  when  nrii<'Ics  are  sent  for  puhllentioR. 
trreitty-Hve  r<'|irinl  eopies,  in  oivcr^.  will  be  furni^ilicd  free  of  choj^e.  A  gtoitcr 
number  ol  rv]>rim*  nr'  iirlicln  cnn  he  had  it  desin d.  at  reasonable  rates. 

Rates  for  ndvertt!>inE  and  rates  tu  ni'waai^*nlBcan  be  bad  on  H]i[ilicntion  to 
the  publisher  of  thiA  niotcaxine. 


CONTEXTS  FOR  APRIL,  1894. 
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tieptecc 
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PHOTOGRAPHS  OF  GALE'S  COMET.* 


B.   B.  BARNARD. 


This  comet  was  discovered  by  Gale  at  Sydney,  New  South 
Wales,  April  2.944  G.  M.  T.  in 

a  =  2"  30-"  48»;  S  =  —  55°  38' 

A  ver>'  rapid  northeasterly  motion  brought  it  above  otir  south- 
em  horizon  in  the  latter  half  of  April. 

Unfavorable  weather  prevented  its  being  seen  here  until  Satur- 
day night,  April  28.  1 

As  this  was  a  public  night  and  the  Observatory  was  crowded 
with  visitors,  no  careful  observation  could  be  made  of  it.  How- 
ever, I  got  permission  from  the  visitors  to  turn  the  12-inch  for  a 
moment  to  its  place  and  found  the  comet  at  once.  It  was  large, 
round  and  condensed  with  no  trace  of  tail  to  the  hasty  glance  I 
necessarily  gave  to  it.  Looking  along  the  tube,  I  saw  the  comet 
was  easily  visible  to  the  naked  eye  as  a  hazy  star  of  the  5th  mag- 
nitude. 

A  quick  pointing  on  it — afterwards  corrected  by  a  pointing  on 
a  star,  in  nearly  the  same  position  above  the  horizon,  gave  the 
following  place  at  7''  51'"  Mt.  Hamilton  mean  time : 

6  —  —  26"  19' 

The  comet  was  certainly  not  a  promising  object  for  photog- 
raphy. On  the  night  of  April  29th,  however,  I  gave  an  expos- 
ure of  one  hour  upon  it  with  the  6-inch  Willard  portrait  lens,  and 
the  comet  was  shown  to  have  a  very  slender  thread-like  tail  over 
a  degree  long.  On  this  date  no  trace  of  a  tail  could  be  seen  in 
the  12-inch.  No  opportunity  occurred  to  get  another  satisfactory 
photograph  until  May  2d  when  an  exposure  of  one  hour  and  fif- 
teen minutes  showed  the  tail  distinctly  for  about  four  degrees. 
The  sky  was  hazy. 

On  Maj'  3d  another  photograph  was  secured  with  two  hours 

'  Coiniminicated  by  the  author. 


and  fifteen  minutes  exposure  upon  which  the  tnil  was  eiisily  trace- 
able eight  or  ten  de^pres.  Tlic  sky  w.is  thick  on  this  Jate  also. 
In  this  case  there  was  a  tendency  in  the  tail  to  split  up  into  sev- 
eral stmntls. 

On  May  '1-  another  photograph  made  through  haze  with  t"wo 
hours  and  five  minutes  exposure  was  very  satisfactory  though 
the  condition  of  the  sky  almost  forbade  any  attempt  at  photog- 
raphy. 

Considerable  changes  had  taken  place  ia  the  ajtpearance  of  the 
tail  between  the  3rd  and  the  4tfa,  especially  near  the  head.  In 
the  pictures  previous  to  the  -l-th  tlie  slender  tail  retains  its  bright- 
ncas  up  to  its  jmit:tion  with  the  head.  On  the  -l-th  however,  the 
main  tail  is  as  long  and  slender  as  on  the  Srd.  bnt  singularly 
enough  it  tafHrrs  down  to  a  point  an<I  vanishes  nearly  one  degree 
belore  reacliing  the  head!  There  arc  however,  two  short  tails 
nearly  a  degree  long  and  nt  an  angle  of  about  la"  to  each  other 
tliat  spring  out  from  the  head  on  eacli  side  of  where  the  main 
tail  should  join.  The  northern  one  of  these  just  narrowly  niisses 
a  junction  with  the  long  c^il,  but  passes  free  to  tbenortli  of  it.  A 
good  deal  of  difl'used  conietary  matter  appears  between  these 
two  tails. 

A  fine  photograph  was  obtained  on  May  5th*  with  two  hours 
and  tliiriy  minutes  exposure.  This  gives  a  rather  complicated 
tail  fully  tea  degrees  long. 

The  tail  leaves  the  head  as  a  thin  streak;  atone  degree  distant 
it  1}egiiis  grndimlly  to  widen  out,  and  u  faint  streamer  runs  close 
parullcl  wilti  it  to  Llie  nortii.  At,  some  H*^  from  the  head  a  divis> 
ion  occurs  in  the  tail  Ihe  south  component  being  a  very  slender 
thread,  while  the  northern  component  broadens  and  its  northern 
edge  is  distinctly  convex.  While  the  southern  side  of  the  slender, 
thread-like  tail  near  the  head  is  well  defined  and  free  from  minor 
tails  or  diffusion,  the  northern  side  has  a  faint  and  diH'u'H.'d  brush- 
ing out  from  the  head  nt  a  considerable  angle  to  the  direction  of 
ibe  tail  itself. 

Another  pliotogroph  on  the  Hth  with  two  hours  and  thirty 
minutes  exposure  partly  in  moonlight  shows  r)nly  the  feeblest 
traces  of  tail.  Though  this  can  feebly  be  traced  for  upwards  of 
4'=  it  is  difficult  to  nmke  much  out  of  it.  There  seems  to  be 
several  strands  from  the  head,  a  verj-  thin  one  of  which  divides 
Vb°  from  the  head  and  forms  two  faint  strand-like  tails  mnoing 
oat  for  three  or  four  degrees. 

The  pecidiar  characteristic  of  this  comet  is  its  slender  tail  And 

*  The  giaM  positiTc  was  £o  hudly  hrokea  in  traosit  chat  h  conid  not  be  re- 
prodtKcd. — Ed. 


rotinfl  head.  There  wan  no  apparent  development  of  the  head  as 
in  comets  usually  possessed  of  a  tail— that  is,  there  was  no  ai>. 
parent  diffusion  of  the  mnterial  of  the  head  to  form  the  tail. 

I  have  forwnrde<i  two  of  these  photographs  for  illustration 
and  if  they  are  successfully  reproduced,  I  think  it  will  be  seen 
that  p"h  olographic  ally  this  is  a  very  important  and  interesting 
comet. 

To  those  not  ramiliar  with  the  subject,  I  would  say  that,  as 
the  comet  was  moving  rapidly  nnionp  the  stars,  the  tcKscopc 
was  made  to  move  accurately  with  it  to  keep  the  image  station- 
ary on  the  plate,  this  threw  the  motion  on  to  the  stars  which  are 
drawn  out  into  lines  of  light,  in  length  corresponding  to  the  mo- 
tion  of  the  comet. 

Mt.  Hamilton,  1894,  May  12. 


THE  FORMS  OF  THE  DISCS  OP  jUPlTERS  SATELLITES. 


WILLIAM  H.  PICKERING. 


In  his  interesting  paper  in  the  April  numlwr  of  Astkosomv  ani> 
Astro-Physics,  Professor  Hanmrd  criticises  my  statement  that 
the  first  satellite  of  Jupiter.even  when  not  in  transit,  usunlly  pre- 
sents an  elliptical  disc.  While  1  confess  myself  very  much  sur- 
prised that. a  phenomenon  which  appeared  to  us  so  otivious  in 
Arequipa  has  not  been  confirmed  by  the  'ifJ-hich  lelescojw,  1  can 
only  say  that  the  phenomenon  there  was  very  obvious,  and  was 
seen  and  correctly  described  by  several  peraons  wb"  were  entirely 
unfamilicir  with  the  use  of  a  teleRcni>e,  That  is  to  sny,  they 
would  state  correctly  which  one  of  the  satelhtes  wns  elongated 
an<I  would  describe  correctly  in  words  the  direction  in  which  the 
elongation  look  place.  C'pon  six  nights  measures  of  the  position 
angle  of  the  clungntion  were  secured  by  b<)lh  Mr.  Houglass  and 
myself.  Kneli  measure  is  the  mean  of  six  readings,  taken  alter- 
nately in  opposite  directions.  These  angles  have  not  as  yet  been 
corrected  for  tlic  constants  of  the  instrument,  but  a  comparison 
of  the  uncorrected  angles  will  serve  to  show  the  extent  of  the 
ngreenicnl  between  the  two  observers.  It  will  be  seen  that  the 
position-angle  of  the  elongation  of  the  disc,  as  measured  by  Mr. 
Douglass,  uniformly  exceeds  the  value  as  given  by  myself  by  sev- 
eral degrees.  As  the  ol>servations  were  nearly  all  made  in  one 
portion  of  the  sky,  with  the  observer's  head  consequently  nlways 
in  the  same  position,  a  iKrsonal  correction  of  this  sort  due  to  a 
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slight  astigmatism  of  the  eye,  is  perhaps  not  surprising.  The 
mean  value  of  this  constant  difference  amounts  to  7°.l.  In  the 
following  table  the  first  column  gives  the  date  of  the  observation, 
the  second  the  observed  position-angle  of  the  major  axis  of  the 
disc,  the  third  the  average  deviation  of  the  six  readings  which 
combined  give  the  individual  measures,  the  fourth  gives  the  ini- 
tials of  the  obser\'ers,  the  fifth  the  differences  between  their  re- 
sults, and  the  sixth  these  differences  corrected  by  the  constant 
angle  7°.l. 

Disc  of  Jupiter's  First  Satellite. 


Date. 

P.  A. 

Dev. 

Obs. 

Diff. 

Cor. 

C 

o 

1892,  Nov.  28 

100.5 

3.7 

" 

108.3 

8.7 

P 

+     7.8 

4-0.7 

Dec.  26 

100.0 

7.(J 

D 

" 

106.1 

4.9 

P 

+     6.1 

—  1.0 

"      29 

103.8 

5.0 

D 

"        *' 

llfi.8 

3.2 

P 

+  13.0 

+  5.9 

1893, Jan.        1 

90.0 

6.0 

D 

"        " 

95.7 

3.4 

P 

+     5.7 

—  1.4 

"       13 

99.2 

4.2 

D 

"        " 

104.8 

3.7 

P 

+     6.6 

-  1.5 

"       17 

92.4 

3.8 

P 

11               H 

97.9 

3.2 

D 

+     4.6 

-  2.5 

±  4.8 

+     7.1 

±  2.2 

On  account  of  the  high  power  employed,  the  planet  as  a  usual 
thing  did  not  come  into  the  field  of  view,  and  it  is  perhaps  need- 
less to  add  that  precautions  were  taken  to  guard  against  all  out- 
sidc:  cnascs  which  mi^ltt  vitiate  the  accuracy  of  the  observations. 
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not  in  transit,  but  which  vanished  at  regular  intervals  of  6^  32". 
But  apparently  wrhen  not  in  transit,  Professor  Barnard  sees  noth- 
ing  peculiar  about  this  satellite,  and  it  is  this  fact  which  chiefly 
surprises  me.  For  even  if  we  admitted  a  bright  equatorial  belt, 
as  suggested  by  Professor  Barnard  in  Monthly  Notices  for  Janu- 
ary, 1894,  as  the  true  explanation  of  the  phenomena,  that  would 
not  explain  away  the  difficulty,  that  the  13-inch  in  Arequipa 
showed  easily  a  peculiarity  in  the  satellite  when  oif  the  disc  of 
the  planet  that  the  36-inch  could  not  detect.  Moreover,  the  hy- 
pothesis of  an  equatorial  belt  does  not  explain  why  at  regularly 
recurring  intervals  the  disc  of  the  satellite  appeared  to  us  to  be 
circular.  It  must  be  understood  that  I  do  not  deny  the  existence 
of  the  equatorial  belt  described  by  Professor  Barnard,  I  merely 
state  that  such  a  belt  could  not  have  produced  the  effects  ob- 
served by  us  in  Arequipa.  In  this  connection  it  may  be  stated 
that  the  figures  published  in  Astronomy  and  Astro-Physics  for 
June,  1893,  represent  the  discs  of  the  satellites  at  maximum  ellip- 
ticity,  and  that  therefore  the  observer  will  usually  find  them 
much  more  nearly  circular  than  they  are  there  represented. 

It  is  interesting  to  note  that  upon  two  occasions  the  disc  of  the 
fourth  satellite  appeared  to  Professor  Barnard  to  be  elongated  in 
a  north  and  south  direction,  just  as  it  did  to  us  in  Arequipa.  It 
is  also  satisfactory  to  note  that  our  observations  regarding  the 
shape  of  the  surface  detail  upon  the  third  satellite,  including  the 
polar  spot,  were  confirmed  by  him  at  this  opposition,  as  is  also 
true  of  our  observations  upon  the  polar  spot  of  the  fourth. 

In  conclusion,  I  may  add  that  while  I  have  not  thought  it 
worth  while,  on  account  of  atmospheric  conditions,  even  to  at- 
tempt to  verify  my  results  by  observations  made  in  Cambridge, 
that  I  expect  to  devote  considerable  time  to  the  matter  at  this 
next  oppofiition,  which  I  hope  to  be  able  to  observe  under  unusu- 
ally satisfactory  conditions  in  Arizona. 

Harvard  College  Observatory,  ^ 

April  12,  1894. 


A  GRAPHICAL   METHOD   FOR   DETERMINING  THE   APPARENT   OR- 
BITS  OF   BINARY    STARS.' 


CHAKLBS  I'.  HOWARD. 


The  following  graphical  method  for  determining  the  apparent 
orbits  of  binary  stars,  is  believed  to  have  some  novelty  and  for 

*  Communicated  bv  the  author. 


nmny  stars  to  possess  some  advantage  over  those  ordinarily 
used,  but  on  these  points  tlic  writer  speaks  with  diffidence,  hdng' 
well  hwarc  that  as  an  amatcnr  he  is  hardly  suflBciently  familiar 
with  other  methods  to  be  qualiBed  to  make  comparisoos  between 
them. 

Assuming,  that  I  he  best  orbit  to  be  obtained,  is  the  one  which 
while  fulfilling  the  law  of  eijual  areas,  brings  the  ealculated  find 
observed  positiona  oj'  the  same  date  into  the  closest  agreement; 
this  met1i(Kl  is  an  attempt  to  carry  out  this  principle  in  the  must 
thorough  maimer  possible. 

An  outline  of  it  has  already  Ix^m  pven  in  Gould's  Astronomical 
Journal  (or  Feb.  4.  1801,  incidentally  in  workinfjout  the  orbit  of 
the  coniiumion  of  Sinus,  but  as  the  novel  feature  of  the  method, 
rir.,thc  process  employed  forplotting  the  position  of  the  compan- 
ion on  the  assumed  etli{>se,  for  the  datcH  of  the  observed  posi- 
tions, was  there  only  referred  to  but  not  described,  it  is  here  given 
in  full,  while  the  other  steps  are  simply  stated  as  concisely  as  pos- 
sible. 

Proceeding  to  plot  the  orbit  in  the  nmoner  described  in  the  arti- 
cle above  referred  to, 

1.  Reduce  the  number  of  positions  to  be  plotted,  by  taking 
the  average  date,  position  angle  and  distance,  of  the  groups  of  ob- 
servations that  admit  of  such  treatment. 

2.  Plot  these  positiona  to  a  suitable  scale,  say  of  one  inch  to 
the  second  of  arc. 

3.  Mark  each  plotted  position  with  its  date. 

4.  Draw  among  them  a  trial  ellipse  to  average  all  aa  nearly 
as  possible. 

3.  Mark  on  the  ellipse  the  position  of  the  companion  star  at 
the  two  dates  that  an  inspection  of  the  ol>8er%'ations  indicate  to 
be  the  most  trustworthy.  L'sually  the  gieater  the  interval  be- 
tween them  the  better. 

Then  because  the  companion  conforms  to  the  law  of  eqaal 
areas  it  follows  that  if  its  position  on  tlje  ellipse  is  thns  fixed  for 
these  two  dates,  it  is  necessarily  fixed  for  all  other  dates,  includ- 
ing of  course  the  date  of  each  plotted  observed  ])osition.  The 
problem  now,  is  to  find  a  ipiiek  and  eas^'  griiphical  method  to 
plot  on  the  trial  ellipse  the  position  of  the  companion  on  the 
date  of  each  plotted  observed  position. 

In  nearly  all  binary  stars,  the  observed  position  angles  and  dis. 
tanccs  are  reliable  to  two  or  three  significant  figures  only,  while 
it  is  not  difficult  with  ordinary  care  and  skill  to  execute  a  draw- 
ing with  such    accuracy    that  all  mensurenicnts  taken  from  it 
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shall  be  reliable  to  tbree  or  four  significant  figures.  Hence  any 
artifice  that  will  enable  us  to  quickly  locate  upon  the  ellipse  to 
this  degree  of  accuracy,  a  series  of  points  such  that  the  radius 
vectors  passing  through  them  will  divide  the  ellipse  according  to 
the  law  of  equal  areas,  is  one  by  all  means  to  be  taken  advantage 
of.  Moreover,  no  matter  how  rough  or  wanting  in  extreme  pre- 
cision it  may  at  first  sight  appear  to  be,  its  capacity  to  fulfil  the 
above  condition  is  sufficient  justification  for  its  use  and  is  the  only 
criterion  by  which  it  should  be  judged. 

The  following  is  a  description  of  the  artifice  used  by  the  writer 
in  obtaining  the  orbit  above  referred  to,  and  while  easy  and  rapid 
of  execution  (to  locate  a  series  of  30  positions  on  the  trial  ellipse 
for  Sirius  requiring  less  than  an  hour's  work),  its  accuracy  amply 
meets  the  requirements  of  the  case  and  is  fully  equal  to  the  other 
processes  of  drawing,  the  positions  so  determined  being  perfectly 
reliable  to  three  or  four  significant  figures. 


In  Fig.  1,  let  O  be  the  larger  star,  AmnB  the  apparent  orbit  of 
the  companion,  as  represented  by  the  best  trial  ellipse  that  can 
be  drawn  among  the  plotted  observed  positions;  A  and  B  the 
two  most  trustworthy  positions  of  thecompanion  at  fixed  dates. 
The  area  of  the  elliptic  sector  OAmnB,  on  the  scale  of  the  draw- 
ing, is  the  area  described  by  the  apparent  radius  vector  in  the 


interval  of  time  I»etween  the  two  dates.  Now  this  area  is  equal 
to  the  area  of  the  triaiiirle  OAb,  formed  by  intersecting  the  line 
OB,  produced  by  the  straight  line  ^s  drawn  so  as  to  make  the 
small  interna!  area  Amn  equal  to  the  small  external  area  lihn. 
The  equality  of  these  small  areas  is  best  adjusted  by  stretching 
from  A  to  ^a  fine  black  thread  and  marking  the  point  b  on  the 
line  OB.  produced  when  the  areas  arc  equal. 

Although  these  small  areas  arc  dissimilar  in  shajie,  the  error 
due  to  visually  estimating  their  cqualitT  is  remarkably  smuU, 
partly  due  to  tlic  fact  that  any  change  in  the  direction  of  the  line 
AS  simultaneously  increases  one  area  and  diminishes  the  other. 

Having  thus  formed  the  triangle  OAb;  its  area  and  therefore 
that  of  the  elliptic  sector  cJin  Ix'  mc;isurcd  on  the  drawing  as 
equui  to  1.  2(/10  X  be);  be  being  the  altitude,  and  OA  the  base, 
of  the  triangle. 

When  the  points  A  and  B  are  eu  far  apart  that  b  cannot  be 
located  with  sulKcicnt  accuracy  by  the  use  of  one  triangle,  two 
triangles  can  be  used  as  in  Pij^.  2.  These  have  a  c<»mmon  ba>'C 
OA/.and  their  eundiined  area  will  be  simply  1   2(/jr*-|-flc')  X  O.l/. 

When  A  and  B  cannot  Ix*  renehed  by  two  triangles,  three  or 
more  can  then  beutsed;  to  decide  this  point  requires  the  exercise 
of  jiid)»ment.  but  the  U!*e  of  the  check  on  the  nce^iracy  of  the 
plotting  to  be  dotcrilwd  below,  determines  when  the  iriunglcs 
have  Ijeen  stretched  beyond  their  limit  of  accuracy. 

By  dividing  the  area  of  the  sector  AOB  by  the  interval  in  years 
between  the  dates  estabbshed  for  the  points  AB,  the  area  de- 
scribed by  the  companion  in  one  year  is  obtniuetl;  which  yearly 
area  denote  by  k. 

We  next  wish  to  establish  on  the  trial  ellipse  the  place  of  tbe 
companion  for  the  1st  day  of  January  nest  preceding  the  dates 
6xed  for  the  points  A  and  B  so  as  to  be  able  in  lucate  on  the  el- 
lipse the  [tosititm  of  the  companion  nn  ihe  Isl  i»r  Jamuiry  Inr  any 
series  of  years. 

For  the  point  A.  Fig.  .H,  let  r^  be  tbe  fractional  part  n|  the  dale, 
and  /i„  be  tbe  altitude  of  the  triangle  having  OA  for  its  base  and 
Ffji  for  its  area :  then, 

OA  ' 


^  = 


Hence  if  a  line  is  drawn  parallel  to  OA  at  a  distance  K  the  point 
where  it  cuts  the  ellipse  is  the  required  position  for  January  1st, 
the  curvature  of  the  ellipse  being  usually  insensible  lor  so  short 
an  interval  of  time. 

*  Tbe  Icltcr  c,  omilted  by  rnf^rcr,  should  be  'on  line  OM  at  foot  uf  pcT|}«i- 

cTvdliir  — /:ri. 
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Repeat  the  same  process  for  the  point  B  and  we  have  estab- 
lished two  positions  for  the  companion  on  Jannary  1st  of  two 
definite  years,  viz.,  those  corresponding  to  the  dates  of  A  and  B ; 
call  these  positions  respectively /„  and  //  in  Figs.  3  and  4. 

It  is  now  an  easy  matter  to  plot  the  position  of  the  companion 
on  the  trial  ellipse  for  January  1st  for  a  series  of  years. 

In  fig.  4,  starting  with  OJ„  as  a  commoa  base,  form  a  series  of 
triangles  on  both  sides  of  it,  such  that 

the  area  of  the  1st  triangle  shall  equal    k 

2d  "  2k 

3d  "  3A 

"  4th  ••  4* 

&c.  &c. 

2k 

The  altitude  of  the  1st  triangle  will  then  be  f<f=  b 

•  2d  *'  2b 

3d  "  3A 

4th  "  46 

&c.  &c. 

On  both  sides  of  OJ^  and  parallel  to  it,  draw  a  series  of  lines, 
A,/j,,  b.p^.h^,  p^,  h^p^,  etc.  at  the  distances  b,  2ft,  3A,4/i,etc.  These 
are  to  be  drawn  outside  of  the  ellipse,  to  meet  it  as  shown  in  the 
figure.  Next  lay  a  straight  edge  from  O  to  near  the  point  where 
the  first  parallel  line  touches  the  ellipse,  and  from  /,  stretch  a 
thread  to  intersect  the  straight  edge  on  the  line  A,,  pi,  swinging 
them  about  the  points  O  and  /„  respectively,  until  while  this  con- 
dition is  fulfilled,  the  thread  gives  equal  areas  inside  and  outside 
the  arc;  then  draw  the  radius  vector  represented  by  the  straight 
edge,  and  the  point  where  it  intersects  the  curve  will  be  the  posi- 
tion of  the  companion  on  January  1st,  one  year  from  the  date  of 

/.. 

Repeat  this  process  for  each  of  the  parallel  lines,  on  both  sides 
of  OJ^  and  we  obtain  as  many  points  of  the  desired  series  on  the 
ellipse  as  we  have  formed  triangles. 

Next  take  O//  as  the  base  of  a  similar  series  oftriangles  formed 
on  both  sides  of  it,  and  in  the  same  way  draw  the  radius  vectors 
whose  intersection  with  the  ellipse  locate  the  position  of  the 
companion  for  January  1st  of  each  year. 

Between/,  and//  the  two  series  of  triangles  will  overlap,  and 
one  or  more  positions  as  J.  can  lie  located  by  both  series.  This  is 
a  valuable  feature  of  this  method,  because  it  can  be  used  to  check 
the  accuracy  of  the  work  of  plotting  the  yearly  positions  up  to 
this  point.  With  attention  to  all  the  niceties  of  drawing  it  is 
surprising  how  exactly   the  same  position  can  be  located  from 


two  bases,  nnd  this  fact  ^ves  confidence  in  the  rclinbility  of  pos 
tions  s(j  plotted. 

The  radioH  vector  passing  through  the  extreme  positions  tiias 
located,  can  now  he  taken  as  new  bases  from  which  to  start  new 
seriirs  of  irianKles,  and  so  on  until  the  yearly  positions  arc  ex- 
tended all  the  way  around  the  elliiMte  and  check  with  the  periodic 
time  jis  derived  below. 

After  the  place  of  the  companion  on  the  trial  ellipse  for  January 
1st  of  each  year  has  been  thus  found,  it  is  an  easy  mntter  to  plot 
its  place  for  the  exnct  date  of  each  plotted  aliserved  position  ;  the 
fractional  i»arts  nf  the  year  lieing  taken  ofl"  the  scale  represented 
in  fig.  5,  in  the  usual  manner,  except  that  here  too,  judgment 
must  be  used  in  mnkinj;  nn  allowance  for  the  continually  varying 
length  of  the  arc  described  in  successive  years. 

Having  thns  obtained  the  series  of  positions  on  the  trial  clIitiMJ 
corresponding  to  the  dates  of  each  plotted  obser\'ed  position, 
ench  observed  posittoa  is  joined  to  each  calculated  posjtictn  of  the 
same  date  by  nn  arrow.  These  by  their  length  and  direction 
bring  plainly  to  view  the  discrepancies  between  the  two  series  of 
positiiuis. 

If  such  discrepancies  are  systematic  and  extend  over  several 
years,  and.  moreover,  if  their  magnitude  is  greater  than  the  esti- 
mated errors  of  the  ploltet!  oI>servcil  positions,  it  is  evidence  that 
the  trial  ellipse  is  not  the  most  exact  that  the  oljserva tions  are 
capable  of  yielding.  The  length  and  trend  of  the  arrows  also  in- 
dicate the  character  of  the  niodilications  which  must  he  made  in 
the  first  trial  ellipse  to  give  a  Eccond  clli}K)e  that  will  mure  accu- 
rately represt-nt  the  observatimis. 

Hy  rciK-ating  the  above  process  several  times  an  elliptic  orbit 
will  soon  he  obtained  which  gives  the  best  average  of  all  the 
plotted  observed  positions  to  be  arrived  at  by  this  method. 

The  iK-riodic  time  of  the  final  ellipse  is  found  as  follows;  mens- 
anr  on  the  drawing  its  major  axis  a„  and  its  niinos  axis  hi,  then 
representing  the  area  described  in  one  year  by  k„  the  jjeriodic 
time  is 

"  "  A.      "  "' 

OuniT  OF  SiHii;s. 

Possihh  Bx'irJence  of  b  A/ore  Distant  Rmi  Snmtler  Companinn. 

The  orbit  of  Sinus  is  particularly  well  adapted  to  illustrate  the 
advantages  of  the  graphical  methodabove  described, and  is  there- 
fore the  one  selected  for  the  purpose.  In  KIgs.  6, 7, 8  and  9,  the  po- 
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sitions  plotted  as  small  black  circles  are  those  given  by  Professor 
Bamham  on  p.  387  of  the  Monthly  Notices  of  the  Royal  Astro- 
nomical Society,  for  April,  1891,  with  one  exception,  tIz.,  for  the 
year  1869  the  position  1869.21,  68.9,  11.06  was  plotted  (this 
being  the  average  of  the  last  three  positions  for  that  year) .  The 
points  of  the  arrows  rest  on  the  calculated  positions  of  the  same 
dates. 


Fig.  6  shows  the  first  trial  ellipse  adopted  as  giving  the  best 
average  of  all  the  plotted  positions.  This  it  does  very  sat- 
isfactorily, and  if  no  further  test  could  be  applied,  would  be  pro- 
nounced good.      But  when  all  the  observed  positions  are  joined 


to  oil  the  calculated  of  the  same  date,  it  is  at  once  apparent  tlmt 
it  does  not  ruprcsent  tlie  observations  as  well  as  might  be.  Some 
of  the  arrows  arc  longer  than  the  accuracy'  of  the  observations 
would  seem  to  justify,  as  for  instance  '89  and  '90,  and  for  many 
consecutive  years  ('6 1  to  '78  and  again  '87  to  '90),  they  point  in 
the  same  direction.  If  the  assumed  [wsitions  of  the  companioa 
on  the  ellipse  for  the  same  dates  is  advanced  or  carried  back. 
which  can  easily  be  done,  it  does  not  help  the  matter,  and  evi- 
dently this  is  not  the  t>est  orbit  that  the  observations  will  yield. 
It  gives  a  perioil  of  about  .13  years. 

r\g.  7  shows  the  second  trial  ellipse;  aud  is  better,  the  fir«t  hav- 
ing been  used  as  a  guide.  From  '83  to  '90  the  agreement  of  the 
two  series  of  positions  is  remarkable  and  gives  confidence  in  the 
accuracy  of  the  plotted  observed  positions  and  also  gives  «n  indi- 
cation of  how  closely  the  finally  accepted  orbit  should  agree  with 
them.  »nt  between  the  years  1SG2  and  1871  the  length,  but 
particularly  the  direction  of  the  arrows,  shows  a  large  systematic 
disctx'iuincy,  that  also  prevents  this  ellipse  from  being  accepted  aa 
the  true  orbit.    Its  period  is  55  years. 

Pig.  S  shows  the  l>est  ellipse  that  the  writer  eouM  obtain,  free 
from  systematic  discrepancies, in  the  direction  of  the  companion's 
path,  by  continuing  this  process  five  or  six  times,  and  yet  it  can 
hardly  lie  said  to  represent  the  observations  better  than  the 
others.  For  here  a  new  s^'stematic  discrepancy  comes  prominent- 
ly to  the  front ;  from  'G2  to  '09  all  but  one  of  tlie  observed  posi- 
tions lie  outside  of  the  ellipse,  while  from  '78  to  '90  all  without 
exception  lie  well  within  it.  This  is  the  peculiarity  that  gave  the 
writer  so  much  trouble  in  1890  and  at  that  time  led  him  at  first 
to  suspect  an  advance  of  the  pcriastron.  but  finally  to  adopt  an 
elliptic  orbit  of  longer  period  Chan  usually  assigne^l  as  the  most 
probable  explanation  of  it.  The  period  of  this  ellipse  is  also  35 
years. 

In  all  the  writer  has  tried  more  than  20  different  ellipses  with- 
out obtiiining  one  thai  was  thoroughly  satisfactorj'.  having  to 
contend  in  every  case  with  two  persistent  characteristic  discrep- 
ancies, and  whenever  one  of  them  was  reduced  the  other  immedi- 
ately became  prominent. 

They  were  (1st,)  in  tlie  assumed  ellipse  ibe  motion  was  such 
that  too  great  areas  were  invariably  described  between  the  years 
'62  and  '69.  aud  too  small  areas  between  the  years  '80  and  '90; 
and  (2d)  all  the  observed  positions  lietween  the  former  dates 
fell  outside  of  the  ellipse,  and  all  those  between  the  latter  dates  fell 
inside. 
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It  seems  difficult  to  believe  that  errors  of  observation  alone  can 
produce  such  symmetrical  phenomena  extending  thronx^otit  all 
of  the  29  yearly  positions. 

The  only  other  explanation  is  that  of  perturbed  motion  cansed 
by  a  third  body  in  the  system  of  Sirios. 

Both  the  above  characteristic  pecnliaritUs  are  satisfied  by  the 
assumption  of  an  epicyclic  path  for  tbe  companion  due  to  the  rev- 
olution of  either  Sirius  or  its  companion  in  a  small  orbit,  with  a 
period  of  about  100  years.  By  the  method  employed  of  plotting 
the  observed  positions  of  the  companion,  Sirius  being  the  point 
from  which  the  angles  are  laid  off  and  the  distances  measured^ 
any  relative  motion  of  Sirius  it^lf  in  a  nearly  circular  orbit 
would,  on  the  drawing,  appear  to  be  transferred  to  the  compan- 
ion ;  changed  however  in  phase  by  180°,  but  with  the  direction  of 
motion  remaining  the  same. 

After  several  trials  on  this  supposition,  the  orbit  shown  In  Fig 
9  was  the  best  obtained.  The  assumption  is  that  the  companion 
revolves  with  a  period  of  about  100  years  in  a  nearly  circular  ap- 
parent orbit  of  0".28  radius,  as  projected  on  the  plane  of  the 
drawing.  The  direction  of  its  apparent  motion  is  contrary  to 
the  hands  of  a  watch.  The  center  of  the  small  circular  orbit 
describes  around  Sirius  the  ellipse  shown,  in  accordance  with  the 
law  of  equal  areas,  in  a  period  of  51  years. 

This  is  by  far  the  best  orbit  that  the  writer  has  yet  succeeded  in 
obtaining,  and  its  superiority  over  the  one  shown  in  Fig.  S  is  de- 
cided. The  places  for  the  years  '65,  '67,  '68,  '69,  '70,  '71,  '78, 
'79,  *83,  '84,  '85,  '86,  '89,  '90,  are  practically  in  perfect  agree- 
ment with  the  observations.  If  a  mistake  of  5  degrees  has  been 
made  in  the  position  angle  for  '88,  this  place  also  comes  into 
close  agreement  with  the  observations.  The  small  systematic 
discrepancy  of  about  1  degree  in  the  position  angle  for  the  years 
'72,  '73,  '74,  '75,  is  accidental,  as  a  reference  to  the  observations 
will  show. 

Thus  the  assumption  of  an  epicycMc  orbit  satisfies  the  observed 
positions  to  a  remarkable  degree,  even  better  than  the  trust- 
worthiness of  the  observed  positions  would  seem  to  warrant. 

On  the  other  hand  the  assumption  of  an  elliptic  orbit  does  not 
satisfy  the  observed  positions  to  the  extent  that  the  trustworthi- 
ness of  the  observed  positions  would  seem  to  warrant. 

If  epicyclic  motion  really  exists  itcan  be  explained  in  two  ways. 

1st.  The  companion  has  a  satellite.  Roughly  assuming  the 
visible  companion  to  revolve  in  an  apparently  circular  orbit  of 
0".28  radius  about  the  center  of  gravity  of  the  two  bodies,  in  a 


period  of  100  years,  the  mass  of  the  satelhte  would  be  one  ninth 
that  of  the  companion,  or  one  ninetieth  that  of  Sinus.  Its  mean 
distance  would  be  3"  aud  at  the  present  time  ita  position  angle 
from  the  companion  would  lie  nbout  SO",  which  would  bring  its 
apparent  posititm  close  to  Sirius. 

2nd.  SiriuB  has  another  companion.  Assuming  that  it  is  Sir- 
ius that  revolves  in  the  small  orbit,  the  mass  of  the  second  com- 
panion would  be  one  twentieth  that  of  Sirius  and  Its  mean  dis-, 
tance  would  be  6".5,  which  would  make  it  one  and  one  half  times 
ns  far  away  as  the  known  companion.  At  the  jiresent  time  its 
position  angle  would  be  about  260^.  Its  mass  being  one  half 
that  of  the  known  companion,  if  their  surfaces  were  ef|nally  lum- 
inous it  would  appear  about  0.6  as  bright  and  therefore  cosily 
seen.  Stil!  when  it  is  considered  that  mass  fur  mass  Ihc  known 
companion  cannot  he  ^'ofl  ^^  luminous  as  Sirius  (Yonng).  it  tn 
plain  that  if  tins  ratio  should  increase  for  this  smaller  and  more 
distant  companion  it  might  exist  with  such  small  luminosity  ns 
to  put  it  Ijcyond  the  reach  of  existing  telescopes,  Its  position  on 
Jan.  1st,  '94-j  *J)o.  and  '96,  is  shown  on  the  right  in  Pig.  9.  Tliis 
supiK>sition  seems  the  most  probable  of  the  two.  The  apparent 
retrograde  motion  in  either  case  would  Ijc  caused  by  a  great  incli- 
nation of  the  orbit. 

The  reappearance  of  the  Companion  of  Sirius,  which  may  be 
expected  to  occur  in  a  year  or  two,  will  be  awaited  with  great 
interest:  but  whatever  proves  to  be  the  true  explanation  of  the 
syslenmtic  anomalies  inherent  in  the  present  observed  positions, 
the  writer  believes  that  this  example  proves  the  advantage  of 
treating  double  star  orbits  by  this  graphical  method. 
Elements  of  Sout's. 
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THE  VARIABLE  PROPER  MOTION  OF  PROCYON. 


S.  W.  BURMHAM. 


The  micromctrical  measures  of  donblc  stars  by  Otto  Struve, 

recently  published  in  Volume  X  of  the  Ponlkowa  Observations, 

"  Cotuniuntcat«d  bj  the  ontbor. 
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incltulc  n  long,  coatinuous  series  of  measures  of  the  difference  in 
tieclinntion  of  Procyon  and  two  adjacent  aiiirs,  commencing  in 
18"»1  and  continuing  each  year,  with  few  exceptions,  Oown  to 
ISOO.  These  observations  were  made  for  the  ]»urpose  of  ileier- 
tniiting  tlic  amount,  direction  and  chnrncLcr  of  the  proper  motion 
of  Procyon,  and  particularly  with  reference  to  the  r|ueslJon  of  the 
varinlniity  of  that  motion.  It  was  long  ago  pointed  out  from 
meridian  obscn,'ntions  that  Procyon  had  an  irrepulnr,  sinuous 
motion  in  space  similar  to  that  of  Sirius ;  and  it  wns  therefore  in. 
ferred  that  it  had  a  physical  companion,  th&two  revolving  about 
their  common  centre  of  gravity,  with  u  period  of  about  forty 
yeiirs.  Every  effort  has  been  made  in  the  last  twenty  or  more 
years  to  discover  this  suppoHdl  disturbing  body.    A  number  of 

inginarv  stars  have  Iiccn  recorded  by  different  observers  from 
^time  to  time,  bat  it  is  now  conceded  that  none  of  these  alleged 
companions  had  any  real  existrncc,  and  that  if  any  such  disturb- 
ing  bofly  exists  at  ull.it  has  never  been  seen  by  the  most  powerful 
telescopes  in  use.  On  many  nights  during  three  or  four  successive 
rears,  I  examined  Pnieyou  with  the  36.ineh  at  Ml.  Hamilton 
wider  the  most  favorable  cireunistanccs,  but  always  without 
seeing  the  least  trace  of  any  near  star,  ft  is  probable  that 
Procyon  hqs  been  watched  with  the  Poulkowa  30-inch  for  a 
much  longer  time,  and  presumably  with  the  same  negative  result. 

The  companion  stars  selected  by  Otto  Struvc  arc:  (B)  23'.3 
prccecding,  and  115"  north;  and  (C)  23'.4  following,  and  67" 
north.  These  stars  arc  resiwctively  D.M.  (5')  1738  (9.0)  ond 
1741  (8.8).  The  star  C  (=W'  VII  .9SI0)  is  well  known  to  double 
star  obsbrvers  as  a  close  and  diflicuU  pair,  hi  connection  with 
the  mejisnri'S  above  rcfcrrcil  to,  and  again  on  p.  130  of  the  same 
volume,  where  measures  of  the  close  pair  nre  given,  the  discoverj- 
of  this  double  stftr  is  erroneously  credited  to  Ilembowski  by  Otto 
Stmve.  As  a  matter  of  fact  it  was  discovered  independently  in 
1R68  by  Dembowsbi  {A.  N.  1079),  but  it  had  been  previously  seen 
by  Frederick  Hird  of  Hirmingbnm  in  February.  1864,  with  n 
12.ineh  reflector  {Antrunomknl  Register,  Vol.  I). 

In  the  nccompanying  diagram  Fig.  1,  1  have  given  tlie  ob 
served,  corrected  differences  of  declination  l»etween  I'rocyon  and 
these  comparison  stars.  The  upjier  horizontal  scale  refers  to  the 
observations  of  B,  and  the  lower  to  C.  As  these  stars  are  north 
of  Procyon, both  differences  are  increasing.  The  vertical  scale  on 
the  left  gives  the  date  of  the  corresponding  (diservations,  but  in 
order  to  have  the  positions  of  C  directly  opposite  those  of  B  of 
the  same  date,  for  convenience  of  comparing  them  with  each 


other,  tlic  obscr\-cd  pusitions  of  C  are  shifted  ten  years  down  Uie 
tiiijc  sfjile.  The  straight  line  through  Uie  positious  of  one  »tar 
was  drawn  iis  accurutely  as  possible  to  represent  the  observa- 
tions, and  then  the  Une  representing  the  positions  of  the  other 
star  was  drawn  parallel  to  it.  It  would  appear  that  neither  of 
these  stars  has  any  sensible  pro[Krr  motion  of  its  own. 

When  .we  come  to  examine  these  positions  of  B  and  C,  at  fii^t 
jllance  they  seem  to  conform  exceedingly  well  to  simple  rectilinear 
niution;  but  upon  a  more  careful  ii)S|Xx'tioa  it  is  seen  that  these 
pusidoQH  lie  with  more  or  less  regnlarity  upon  one  side  and  then 
the  tjtiier  of  any  straight  line  which  will  best  represent  them  as 
a  whole.  To  be  sure  tliesc  dilTereiiccs  arc  small,  but  there  is  no 
doubt  of  the  fact  that  from  some  cause  there  is  a  substantial 
ajireeinetit  in  the  measures  of  both  stars  with  respect  to  this 
apparently  irregular  motion.  In  considering  the  weight  of  this 
aiTirmntive  evidence,  it  should  be  nuteil  that  the  differences  in  the 
individual  observations,  of  which  means  are  here  used,  are  in  some 
of  theyeai-s  rather  large  for  measures  of  this  ciiaractei'.in  certain 
instances  amounting  to  as  much  as  0".5.  This  »  readily  ex- 
plained by  Ihevarying  conditions  under  which  the  measures  must 
hove  been  made,  and  the  uncertainty  of  the  bisection  of  the  large 
spurious  disc  of  Procyon.  As  a  liirther  test  of  this  matter,  the 
differences  of  the  corresiJonding  measures  of  D  and  C  are  shown 
on  tlie  left  of  the  diagram,  the  same  scale  as  to  time  and  declina- 
tion applying  to  these  as  to  the  otl^er  positions.  It  is  evident 
that  these  differences,  if  there  were  no  errors  in  the  aieasui-es, 
would  be  constant  from  first  to  last,  or,  if  one  or  both  of  the 
comparison  stars  had  any  independent  proper  motion,  the  differ- 
ences would  increase  or  decrease  regularly,  itnd  in  any  event  the 
positions  there  laid  down  would  lie  in  a  right  Une.  Without 
knowing  what  these  positions  represented,  one  ebuld  easily  imag- 
ine that  there  was  a  ^wriodic  variation  running  through  the 
scries,  but  obviously  this  canntjt  be  true,  whatever  nmy  be  thc_ 
apparent  indications. 

I  have  ni>t  used  the  observed  differences  of  R.  A.  l»etweeo" 
l*rocy^>n  and  B  and  C  for  the  reason  that  the  work  with  the 
micrometer  should  be  much  more  accurate  and  reliahle,  and  it 
would  add  but  Utile  to  the  evidence  already  submitted  from  the 
meridian  observations,  it  would  be  of  interest  to  present  tn 
graphical  form  aU  these  apparent  vanations  as  shown  by  the 
work  with  the  meridian  cii-cle  so  that  the  consistency  and  value 
of  the  data  could  be  submitted  to  tests  which  cannot  lie  £ip])U«l 
to  tabular  results. 


PLATE  XVI.     {Fig.  2.) 


In  the  diagram  Fig^.  2, 1  have  given  all  the  measured  positions 
of  tbe  disftnnt  faint  companion  discovcrd  by  Laniont  in  1836. 
Thi*se  niL-nsures  commence  witli  the  year  of  discovery,  and  end 
with  a  careful  set  of  measures  on  four  nights  by  Professor  Bar- 
nard with  the  3(>-inch  refractor  ni  Mt.  llnniiliun  in  the  early 
IMirt  of  the  present  year.  The  line  drawn  tiirough  these  positions 
is  one  showing  the  recognijwd  direction  of  the  ])roper  motion  of 
Procyon  as  derived  from  meridian  observations,  which  is  in  the 
position-angle  of  214"  6,  the  annual  movement  being  l".24o.  It 
is  certainly  the  fact  that  these  observed  [fosittons  cannot  be  well 
explainet]  by  simple  rectilinear  motion.  They  appear  lo  lie  on 
both  sides  of  the  line  representing  the  patli  of  tlie  large  «ftnrin 
space;  and  to  some  extent  at  least  tliesc  observations  tend  to 
confirm  the  variations  sliown  by  the  measures  of  H  and  C.  On 
the  other  hand  it  should  l)e  remembered  that  this  is  a  fiiinC  star, 
and  difficult  to  measure  with  moderate  apertures;  and  also  that 
the  observations  preceding:  tay  own,  which  commence  in  1877, 
are  mostly  on  single  uighis,  and  therefore  lintile  to  more  error  in 
angle  and  distance  than  if  ench  position  was  n  mean  of  several 
observations.  The  motion  from  1861  to  ISO'l-,  nssuraing  the 
angles  to  be  substantially  correct,  would  indicate  an  annual , 
proper  motion  of  I'MO,  which  is  not  fqr  from  the  vnlnc  found 
from  other  observations.  If  we  take  the  interval  1836-91.,  it 
gives  nbout  l".o3,  a  valnc  manifestly  too  large,  and  indicating 
considerable  error  in  Laraont's  angle. 

While  the  proof  of  variable  motion,  so  far  as  all  these  olracrva- 
titms  are  coreemed,  is  not  as  satisfactory  as  could  be  desired,  it 
is  at  least  of  sufficient  significance  to  make  it  important  to  con- 
tinue the  series  of  measures  s<i  long  carried  oti  by  the  dislin> 
guished  Russian  astronomer  at  the  Poulkowa  Observatory ;  and 
in  this  connection  the  I^iinont  com[>ani(m  sliotdd  be  measured  at 
the  same  time,  if  the  aperture  used  is  sufficient  for  accurate 
results,  in  order  to  carry  forward  the  mensiires  already  made  for 
future  comparison.  It  will  Ik*  seen  from  the  diagram  that  the 
distance  is  now  tnereJising,  and  that  hereafter  this  star  will  be 
more  easily  me;isnred. 

Chicago,  April  9. 


Determination  of  Geographical  I..onje:itudes  by  Pho- 
tograph.—In  1S93  of  The  GeogrnphicHi JuurnHl  will  be  found 
an  interesting  article  on  the  above  title. 


RECENT  OBSERVATIONS  OF  THE  SATELLITES  OP  JUPtTER.' 


U    B.  BARNARD- 


ASTKONOMV  AND  Astro-Physics  for  1894,  May,  page  356,  con- 
tains n  li'tttT  irnm  Professcr  E.  S.  Holcli-ti,  director  of  the  Lick 
0!)servatory,  which  iKrars  the  title.  "  Hwcnt  Observations  of  the 
Satellites  of  JiipittT."  In  this  paiKr  lie  notices  some  recent  ob- 
servations of  mine  that  bore  upon  the  fomis  of  the  discs  of  these 
mouns,  and  especially  with  reference  to  the  remarkable  observa- 
tions at  Arequipa. 

There  are  several  points  in  the  letter  referred  to  that  deserve 
atteniion,  though  why  it  was  written  it  would  lie  hard  to  tell, 
as  it  neither  makes  any  attempt  to  verify  the  Arcqnipn  observa- 
tion!! nor  to  disprove  my  own. 

In  s])eaking  of  the  results  contained  in  my  imper  Professor  Hol- 
den  says:  "In  this  respect  his  conclusions  entirely  agree  with 
those  of  Professor  Sehaebcric  prcWonsI^*  printed  in  the  PubHcn- 
tions'.  A.  S.  P.,  Vol.  V,  p.  182,  dated  September,  1893." 

As  1  have  not  seen  the  Publtcnttons  of  the  Astronomical  Society 
of  the  Pacific  for  some  three  years,  I  was  unaware  of  Professor 
Sehacbei'le's  results,  mentioned  by  Professor  Holden.  As  those 
rcsidts  are  important  in  their  Ijcuring  on  the  question  at  issue,  1 
have  looketl  nji  the  number  of  that  journal  referred  to  and  will 
here  copy  Professor  Scbaeberle's  paper  in  full. 

Jui'ITEh's  Satkio-iths. 

"  The  August  number  of  t Astronomic^  in  commenting  upon  cer- 
tain observations  of  Jupiter's  satellites,  made  by  the  Arequipa 
obser\'crs  asks  whether  the  great  Lick  Obscr\'atory  telescope 
could  not  for  a  rime  be  devoted  to  this  curious  subject. 

"  Results  of  satellite  observations  made  here  by  various  ob- 
servers have  l>een  published  at  various  times,  and  from  some  per- 
sonal oI>ser rations  of  the  conditions  prevailing  at  Arc<}nipa  I 
have  little  hesitation  in  saying  that  for  the  same  observer, 
the  results  given  by  the  13-inch  teIesco|)e  at  Arqiuipa  can  not 
equal  those  by  the  36-tne1i  on  Mt.  Hamilton  ;  so  that  if  it  should 
finally  turn  out  that  certain  marked  |)eenliarities  of  the  satel- 
lites had  Ix-en  observed  at  Arequipa  which  had  not  Ix-cn  observed 
here,  this  must  be  attriliuted  to  a  »ni)crior  diligence  of  the  South 
American  observers."  j.  u.  s. 

1893,  Scpteral)cr  1. 

*  Commiraicatcd  hr  the  author. 
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This  is  the  paper  to  which  Professor  Holden  refers  and  which 
was  not  known  to  me  at  the  time  of  my  observations. 

I  cordially  agree  with  Professor  Schaeberl«'s  remarks. 

I  have  conscientiously  made  my  observations.  I  have  made  no 
record  of  the  appearances  of  these  satellites  unless  the  conditions 
were  favorable.  I  have  given  the  time  of  each  observation,  so 
that  they  can  be  compared  with  theory.  This  has  been  done 
when  my  work  on  the  new  satellite  necessarily  directed  my  at- 
tention to  the  planet.  What  appearances  these  satellites  may 
assume  at  other  times  than  those  I  have  noted  in  my  paper,  I  do 
not  hold  myself  responsible  for. 

The  observations  at  Arequipa  have  attracted  great  attention 
from  the  astronomical  world.  They  have  brought  up  believers 
as  well  as  unbelievers.  It  was  absolutely  necessary  that  some 
powerful  telescope  be  brought  into  action  to  decide  the  question 
of  the  reality  of  the  phenomena  claimed  at  Arequipa.  I  have 
done  this  and  am  satisfied  with  the  results. 

Perhaps  Professor  Holden  has  some  personal  work  on  these 
moons  with  the  great  telescope  that  will  be  valuable  in  further 
settling  this  important  question. 

In  reference  to  my  paper  on  the  transparency  of  the  limb  of 
Jupiter  (A.  and  A.-P.  124,  April  1894,  p.  272.)  I  have  nothing  to 
change  in  it.  Professor  Holden  has  {inadvertently  I  have  no 
doubt)  neglected  to  state  the  atmospheric  conditions  existing  at 
the  time  of  occultation  of  47  Librae,  1888,  June  9.  In  my  paper 
in  A.  AND  A.-P., page  278,1  have  expressly  stated  that  "when  the 
seeing  is  bad  there  is  a  spurious  limb  to  Jupiter  that  well  might 
give  the  appearance  of  transparency  at  the  occultation  of  a 
satellite." 

By  looking  at  page  04,  Vol.  VIII  of  the  Astronomical  Journal 
the  observations  of  that  occultation  of  47  Libra;  by  both  Pro- 
fessor Holden  and  mj-sclf  will  be  seen. 

The  seeing  was  so  bad  in  my  case  that  I  reduced  the  aperture 
of  the  12-inch  down  to  "8.1  inches  as  the  images  were  too  un- 
steady with  full  aperture."  On  a  scale  of  5  for  perfect  seeing,  I 
stated  the  steadiness  as  2. 

In  his  paper  on  this  occultation  Professor  Holden  says, 
"Images,  weight  2  (5  perfect;  1  very  poor)"  and  again,  "at 
Chron.  time  14^'  12'"  35". 2  the  star  was  entirely  inside  of  the  limb, 
but  was  still  visible. 

"The  dark  circle  was  no  longer  seen.  For  the  next  ten  seconds 
or  so,  the  star  was  alternately  visible  and  invisible ;  the  planet's 
limb  was  quite  unsteady." 
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The  «tar  was  3  hours  and  il5  minntes  west  of  the  meridian  and 
19°  south  of  the  eqtmtor.nticl  with  nil  nltittidc  of  only  15°  to  20"^. 

Those  who  hiivc  nt^cmplcd  to  olwerve  Jupiter  nt  low  altitudes 
like  this,  will  niidci-siand  frnm  the  al)nve  notes  that  the  condi- 
tions acttiallv  existed  here  for  the  proiluctioo  ni  on  ill-delinc<i  and 
spuTi'.>us  limb  to  the  planet,  and  the  appearance  of  transiMirency 
was  almost  a  nectssary  re«uU  cti  ihe  exisiinj;  eonditions,  so  that 
really  the  ol>servfltions  proved nothin>;— except  what  was  known 
nnd  noie<]  at  the  time,  /.  e:,  that  the  seeing  was  h:id. 

Since  the  I'nblientions  of  the  Astronomical  Society  of  the  I*a. 
filie  have  been  referred  to  by  Professor  Hohlcn.  1  recall  some  ol»« 
aervations  that  he  himself  has  made  |rroving  the  transparency  of 
the  limb  of  Jnpiter  with  the  ^reat  telescope,  and  ns  t  wish  to  Rive 
both  sides  of  thift  question  a  fair  hearing,  I  will  qnote  his  own 
lanj^nngc  as  dictated  to  me  in  1889.  See  Pub.  .1.  S.  P..  Vol.  1, 
Xo.  o.  p.  1()4-,  where  \  sny ;  "  At  a  number  of  occultations  of  the 
satellites,  I  watched  ciirefully  for  any  evidences  of  their  bein^  seen 
through  the  edges  of  the  planet,  but  saw  nothing  of  the  kind. 
Pfji/ess-or  IJtildcn  intoram  me,  however,  that,  with  the  thiny-stix- 
inch  effuncttnnJ,  the  whole  disc  of  a  satellite  has  been  risible 
Mnthia  the  planet's  atmosphere  llimbj.aievcri-  occulta tion  he  has 
observed."    The  itahes  arc  mine. 

It  wouhi  be  interesting  to  know  the  dales  of  these  important 
observations,  and  llic  conditions  of  seeing  nt  the  time  they  were 
made. 

From  the  above  statements,  it  would  seem  that  I  Imve  simply 
been  unfortunate  in  not  observing  a  satellite  at  the  timejupitcr's 
limb  was  in  a  tran*ii[>areiit  condition. 

In  reference  to  the  [wriod  of  rntalion  of  the  Jst  satellite.  Pro- 
fessor Holden  misstated  my  conclusions.  He  says,  referring  to 
the  observations  of  I'rofessors  Schaelx-rlc  and  Cjitnpbcll:  "In 
the  same  paper  they  conclude  that  the  |)eriods  of  axial  rotation 
and  of  revolution  of  satellite  I  arc  equal.  Dr.  Barnard  says  thiit 
his  oI)scrvalions  (as  yet  unpublished)  lead  to  a  diflerent  result." 

What  I  have  stated  in  this  connection,  is  contained  in  a  p»i)cr 
in  Monthly  Xotices  of  the  Royal  Astronomical  Society,  Vol,  LIV, 
No.  3.  p.  135,  where  I  say,  in  speaking  of  a  bright  belt  on  this 
satellite: 

"  From  pecuUarities  in  the  appearance  of  the  belt,  it  is  probable 
that  the  |>eriod  of  rotation  on  this  axis  is  not  coincident  with  the 
satellite's  period  of  revolution  about  Jupiter. 

•'I  have  data  in  my  hands  now  that  will  after  a  few  more  ob- 
servations, perhaps,  settle  the  Inclination  of  the  axis,  and  prob. 
ably  give  us  the  period  of  rotation." 
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These  remarks  were  caused  by  an  appearance  of  widening  on 
the  white  belt,  sometimes  seen  on  the  preceding  and  sometimes 
on  the  following  side. 

Certainly  by  observations  of  this  phenomenon— if  it  is  a  fixed 
one — the  period  may  bedetermined.  I  have  thereforemade  no  pos- 
itive statement  that  this  moon  does  not  rotate  on  its  axis  once 
only  during  its  revolution  about  Jupiter, 

Indeed  from  the  analogy  of  our  own  moon  we  would  expect  it 
to  do  so.  Professor  W.  H.  Pickering,  however,  gets  a  period  IZ^ 
03""  25''8  upon  the  hypothesis  of  a  direct  rotation,  and  13*"  03" 
IC.S  on  the  supposition  that  its  rotation  is  retrograde,  which  he 
supposes  to  be  the  case.  But  as  his  results  depend  upon  the  very 
conditions  that  my  observations  negative,  i.  e.,  the  distortion  of 
its  disc,  they  cannot  be  considered  proved. 

The  concluding  remarks  of  Professor  Holden  are  rather  ambigu- 
ous. 

"These  few  points  from  recent  papers  show  very  forcibly  that 
everything  is  not  yet  settled  with  respect  to  Jupiter's  satellitesys- 
tem  and  may  serve  to  direct  the  attention  of  the  possessors  of 
large  telescopes  to  some  of  the  problems  involved." 

These  same  remarks  will  apply  with  equal  certainty  to  everj-  ob- 
ject in  the  entire  heavens. 

1894,  May  10,  Mt.  Hamilton,  Cal. 


WEST  INDIAN  HURRICANES  AND  SOLAR  MAGNETIC  INFLUENCE.* 

PRANK  H.  DIGBLOW. 

In  the  February  number  of  Astronomy  and  Astko-Phvsics, 
Professor  H.  A.  Hazen  submits  a  criticism  on  my  suggestion  re- 
garding the  recurrence  of  hurriciines  in  the  2G.68  day  solar 
period.  It  is  perhaps  desirable  to  indicate  some  erroneous  steps 
in  his  discussion,  ujion  which  his  negative  conclusion  was  based.  • 

1.  He  seeks  to  invalidate  the  data  on  which  the  hurricane  re- 
currence curve  was  founded,  namely  Finlay's  dates,  in  his 
Iland-Book  of  Storm  Tracks,  pp.  16,  19,  as  follows:  "On  exam- 
ining more  closely  the  material  used,  we  are  much  surprised  to 
find  that  42  out  of  SO  cases  are  of  North  Atlantic  storms,  or 
storms  above  4ro°  north  latitude,  and  which  have  no  relation 
whatever  to  the  tropical  hurricanes  we  are  supi)Osed  to  be  study- 
ing."   Now  Finlay  specifies  the  42  cases,  which  Professor  Hazen 

•  CommunicBted  by  theautlior. 
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rejects,  as  those  charted,  and  they  are  given  on  the  chart  as  typi- 
cal West  Indian  Hurricanes,  so  that  the  oversight  is  really  that 
of  the  critic  himself,  and  his  point  is  invalid. 

2.  He  seeks  to  substitute  for  Finlay's  hurricane  list  of  80  cases 
a  more  extensive  one  of  his  own  including  144  storms,  A.  and 
A.-P.,  p.  108,  and  by  distributing  these  in  the  26.68  day  period, 
he  concludes  that  the  curves  of  comparison  are  not  synchronous. 
In  making  the  distribution  of  dates  in  the  period  for  years  1874 
to  1893  inclusive,  a  systematic  error  in  the  use  of  the  ephemeris 
itself  has  been  introduced  by  Professor  Hazen,  -which  gives  a 
false  summary  of  the  dates.  This  occurred  as  follows:  The  con- 
struction of  the  dates  of  the  beginning  of  the  successive  periods 
of  the  magnetic  ephemeris,  is  such  that  the  fractions  of  days 
greater  than  50  hundredths,  must  not  be  called  by  the  next  in- 
teger day.    Thus  15.78  is  to  be  called  day  15,  and  not  day  16. 
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is  then  platted  from  the  corrected  numbers,  on  a  scale  to  be 
readily  compared  with  my  solar  magnetic  curve,  which  is  placed 
beneath  it. 

The  comparison  of  these  curves,  in  connection  with  the  Finlay 
curve,  as  given  in  the  American  Meteorological  Journal  for  Janu- 
ary, 1894,  p.  382,  shows  that  the  extension  of  the  dates  from  82 
(Finlay)  to  144  (Hazen)  has  considerably  improved  the  curve  of 
hurricane  recurrences.  The  marked  discrepancy,  to  which  Pro- 
fessor Hazen  objects,  at  the  20th  day  of  the  period  has  disap- 
peared. 

It  is  hardly  possible  that  two  such  peculiar  curves  as  these, 
covering  an  interval  of  20  years,  should  have  come  forth  acci- 
dentally into  this  interesting  agreement.  My  purpose  in  the 
original  article  was  to  call  iittention  to  a  subject  that  needs 
elucidation,  and  to  suggest  that  some  light  might  be  gained  on 
the  lines  of  research  that  are  proving  so  fruitful  in  allied  ((uestions 
of  meteorology.  In  my  judgment,  the  outcome  of  Professor 
Hazen's  labor  is  to  strengthen  the  validity  of  this  line  of  ap- 
proach to  the  mechanism  tliat  originates  the  cyclones  of  the 
West  Indies  and  the  Gulf  of  Mexico. 


WEST  INDIAN  STORMS  AND  SOLAR  MAGNETIC  INFLUENCE.* 

M.   .\.   IIAZE.V. 

The  above  effort  to  trabi  my  own  guns  upon  me  is  fpiitc  inter- 
esting. On  many  accounts,  I  would  prefer  to  leave  the  matter  as 
in  the  February  journal,  as  1  am  sure  meteorologists  in  general 
will  l)e  enabled  to  see  the  fallacy  in  this  later  discussion.  I  desire, 
however,  to  make  my  own  position  a  little  clearer,  and  at  the 
same  time,  aid  some  who  may  not  see  I'eadily  the  exact  nature  of 
the  above  result.  The  whole  subject  is  much  fartlier  reaching 
than  appears  on  the  surffice  and  hence  merits  a  careful  stud\\ 

I  now  learn  that  the  dales  chosen  by  Professor  IJigelow  for  his 
magnetic  ephemens  are  not  civil  date**,  that  is,  from  midnight  to 
midnight,  but  the  epoch  is  for  the  middle  of  the  24  hours,  or 
practicfilly  for  noon  of  each  civil  day.  Of  course  this  would  make 
no  ditVerencc,  except  to  throw  the  curve  ludf  a  day  forward  or 
toward  tlie  beginning  of  the  period,  if  we  only  had  enough  ob- 
servations. This  will  be  seen  by  iidding  my  numbers  for  "storms 
by   inmiber"  two  by  two  and  comparing  with  Professor  Hige- 

'  Comnittnicnted  bv  tht  author. 
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low's  latest  set  two  by  two,  that  is,  the  sum  of  my  1+2  equals 
almost  exactly  his  1  +  2,  and  my  2+3  equals  his  2  +  3  and  bo 
on.  Also  if  my  curve  of  stonns  is  compared  with  this  latest  one 
by  Professor  Bigclow  it  will  lie  seen  that  there  is  really  very  little 
ditference,  in  general  only  a  single  day  in  tlie  crests  and  hollows. 

I  cannot  agree  at  all  to  the  view  that  there  is  a  close  corres- 
pondence between  the  new  curve  of  storms  and  the  magnetic 
citi^'e.  On  the  6th  dny  there  is  a  fall  in  the  former  and  none  in 
the  latter,  on  the  7tli  the  sharp  rise  in  ( 1>,  (i.'urve  of  storms)  has 
a  steady  fall  in  (2),  (magnetic  curve),  on  the  Sth  there  is  a  mini- 
mum in  (1)  which  is  reached  in  (2)  on  Vtli,  on  the  lOlh  there  \»  a 
shaqj  niaxiinuin  in  (1}  not  found  at  till  in  (2)>  and  the  whole 
curveof  (1)  for  the  U.  12.  13  and  14  diiys  is  totally  different 
from  (2),ihe  sharp  and  long  rise  in  (1)  from  15  lo  1(>  has  no  such 
cniulition  in  (2),  the  minimum  in  ( 1 )  on  the  1 7th  has  a  maximum 
in  (2)  and  so  on.  It  seems  to  ine  the  curves  are  very  dissimilar 
at  almost  every  turn  and  thnutgliout  the  whole  rotation. 

But  this  is  not  all.  U  we  had  a  great  many  more  observations 
of  storms  we  could  settle  tliis  matter  once  for  all.  it  seems  to  me, 
however.thiit  there  are  enough  to  give  us  an  inkbng  of  the  trutlt. 
Suppose  we  divide  my  dales  of  storms  into  twoei|unl  groups  and 
sum  each  group  by  itself,  we  sIihII  then  at  once  see  wlieiher  this 
result  is  entirely  fortuitous  or  whetlierthere  is  a  physical  Imsis  al 
the  bottom  of  this  supposed  relation  between  magnetism  and 
storms.  The  following  are  the  figures  in  the  groups  doubled  to 
make  them  comparable: 

Dny  or  mtaUon  i  2  3  I  1    b  r  t  («  la    11  la  1}  14  1-.    il  1;  iB  19  ao   ti  xt  mt  xi  A  as 

Croap  I-    i73«b>m»)  i«S4*i44atb     a   '>   i   'i  a     ^1«|9  14     b  >•   2  h  *   V   » 
n.    171  Kormil   &fc444lBifift     fii&jDM'^Aft     <>:4it>«i 

The  curves  1  and  II  show  these  figurts  graphicaHy.  Here  we 
have  about  as  good  an  illustration  of  a  nonconformity  as  could 
be  devised.  In  almost  every  crest  or  hnltosv  in  the  one  curve  an 
opiKf^ite  condition  occurs  in  the  other.  It  scera<  to  one  that 
nothing  mure  could  be  desired  to  show  how  unreliable  such  a  re- 
sult as  th^t  obtained  by  I'rofessor  IJigelow  is.  and  the  gre.'it 
danger  of  relying  on  an  appHrent  conicidenec  to  prove  a  relation- 
ship iK'lween  dissimihir  phenomena. 

I  still  think  t*troiigly  that  there  is  a  must  serious  difficulty  in 
the  original  fundamental  magnetic  curve.  A  treatment  of  the 
magnetic  diita  in  groups,  as  jast  given  fur  storm*,  would  very 
quickly  show  that  there  is  no  common  thread  running  through 
the  groups,  ond  that  the  crests  and  hollows  in  the  curve  arc 
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purely  fortitious.  I  am  also  informed  that  in  making  up  this  fun- 
damental mganetic  curve  the  "disturbed  days"  were  omitted. 
It  seems  to  me  that  these  days  are  the  ones  above  all  others  to 
show  the  influence  of  magnetism  on  storms  if  there  is  one.  Of 
course,  in  getting  the  diurnal  swing  of  the  magnetic  needle,  it  is 
perfectly  proper  to  omit  all  the  24  readings  on  any  "disturbed 
da5',"  iis  they  do  not  enter  into  the  diurnal  range,  and  by  taking 
out  the  whole  day,  the  final  result  is  not  altered,  but  it  is  far 
otherwise  in  this  case*  To  take  out  a  disturbed  dixy  in  a  rota- 
tion period  of  27  days  is  to  take  out  the  very  day  of  all  others  to 
show  this  influence  best.  I  think  it  is  impossible  to  consider  that 
there  can  be  any  magiietic  influence  from  the  Sun  that  goes 
through  such  extraordinary  and  rapid  changes  as  those  exhibited 
by  tlie  crests  and  hollows  in  this  fundamental  curve. 
March  30,  1894. 


PROPER  MOTION  OF  STARS  IN  THE  DUMB-BELL  NEBULA.* 


H,  E    DARXARO. 


In  the  Monthlv  Notices  of  the  Royal  Astronomical  Society  for 
March,  1894,iB  a  paper  by  Arthur  A.  Kambaut  and  W.  E.  Wilson 
on  the  Proper  Motion  of  some  stars  in  the  Dumb-bell  Nebula. 

Thesegentlemen.from  comparing  measures  of  the  stars  on  two 
photdJ;raphs  of  this  nebula  (made  by  Mr.  Wilson  with  a  two 
foot  reflector  1893,  Sept.  3  and  8,  with  exposures  ol  27  minutes 

"  Communiiated  bv  nutlior. 
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and  2  hours  respectively)  with  measures  of  the  same  stars  by 

Struve  some  forty-two  years  ago,  find  for  those  marked  on  their 

diagram  p,  d,  k,  i,  b', 
and  y,  proper  motions 
of  4".6,  3".9.  5".7, 
6".0,  5".2,and  5".3  re- 
s]3ectively,  covering  the 
interval  since  Struve's 
work. 

These  stars  in  the 
main  are  faint  and  re- 
quire a  good  telescope 
to  measure  them  satis- 
factorily. 

To  test  the  reality  of 
these  changes    I    have 
•  d  re-measured    those    of 
this  list  nottoodistant 
from    the    comparison 
•  p  star    a    with    the    36- 

inch.  The  small  stars 
were  referred  to  a  by 

position  angle  and   distance.    Following  ore  the  measures  of  p, 

d,q,  and  a'. 


•  q 


Observed  Stars  ls  the  Dcmb-dell  Nekvla. 


PosiTio.v  Angles  and  Distances  Referred  to  a. 


1894.  J47 


350     25  7M 


97"  51 
u6".76 


1894.347 
■35" 


P 

43°-7 


83".S6 
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P 

d 

+  S8" 

,00 

+ 

60.27 

+ 

'5.1" 

•25 

+ 

IS" 

■79 

+  57 

■73 

+ 

60.41 

+ 

153 

.22 

+ 

16 

.27 

-  3"-2 

-  2  .9 

-  o".3 
-1-  0  .6 

-  2".7 

-  2    .7 

+  o".3 
+  0  .3 

+  4"-o 

+  2. .7 

-  2".2 

-  2    .4 

+  i".o 

-0  .7 

-  3"-8 
-3  -6 

+  S7".86  +  60.34  +  i53"-23  +  '6".37 

The  following  comparison  will  .show  the  supposed  changes  since 
the  time  of  Struve's  observations. 

q 

Ja  Ai  ^a  J^ 

Differences  from  Struve. 
Struve       —  97"-6  —  2o",t) 

Wilson        —  94  .4  —  20   .6 

Barnard    —  94  -7  —  21   .5 

a' 
Struve        ~  i2".3  -  S7".2 

Wilson       —    9  .6  -  57  ■S 

Barnard    —    9  .6  —57-5 

P 
Stnire       +  6o".6  +  57".9 

Wilson       +  56  .6  -^(ki  .1 

Barnard    +  57  -9  +  60  .3 

d 
Struve       +  iS2".5  +  i2".8 

Wilson       -I-  151   .5  -j-  16  .6 

Barnard    -j-  153  .2  -f-  '^  -4 

If  we  assume  Struve's  ^(t  and  ^S  for  the  star  p  to  have  been 
interchanged — and  it  looks  very  much  as  if  they  have — we  find  a 
very  good  accordance  in  the  different  measures  of  p  which  would 
negative  any  motion  in  that  star. 

There  seems,  however,  to  have  been  some  change  in  q,  a'  and  d 
if  Struve's  distances  are  correctly  given. 

In  their  paper  Messrs.  Rambaut  and  Wilson  call  d^  am  mag- 
nitude. This  is  evidently  a  photographic  effect  due  to  the  fact 
that  a  is  tinged  with  yellow,  ibr  it  is  very  greatly  brighter  than 
(1.  Dr.  Roberts  photographs  however,  show  n  decidedly  the 
brighter. 
I  have  assigned  the  following  magnitudes  to 

n   ^^V2      iiinK-  p^l5^^lTlag. 

./   —  l+^'i     "  d=  1434    '• 

11'  —  1.5U     " 

The  magnitudes  iis  given  by  Struve  are 

a  =  10™  p=  13 

f/=  11  —  12  d—  11  —  12 

Tlic  appearance  of  the  nebula  in  the  great  telescope  is  different 
from  Dr.  Robert's  photogmphs  ot  it  only  in  the  finer  details. 

I  have  examined  Struve's  original  paper  in  Philo.  Trans.,  Vol. 
151,  part  III,  and  find  that  his  method  of  measuring  the  places  of 
these  stars  was  mainly  In'  measuring  position  angles  and  with 
only  a  few  direct  distances  from  which  the  other  distances  were 
computed.  Indeed  no  direct  measures  (referred  to  a)  were  made 
at  all  of  any  of  the  four  stars  under  discussion.  Not  doubting 
the  accuracy  of  the  Struve  results,  yet  it  would  have  been  more 
satisfactory  if  the  distances  had  been  directly  measured.  It 
might  theretore,  be  well  to  withhold  any  opinion  as  to  motion  in 
these  four  stars  until  sufficient  time  elapses  to  show  this  motion 
bv  anotlier  series  of  measures  compared  with  the  present  ones.  . 
'Mt.  Hamilton,  1894,  May  9. 
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Astro-Physics. 


THE  WOLF-RAYET  STARS." 


W.  W.  CAMPBELL. 


These  observations  of  the  Wolf-Rayet  stars  were  begun  in  Sep- 
tember, 1892,  for  the  purpose  of  determining  whether  any  rela- 
tion existed  between  them  and  the  new  star  in  Auriga.  The  first 
examination  of  their  spectra  resulted  in  the  finding  of  a  large 
number  of  new  bright  lines  and  bands  whose  wave-lengths  could 
be  determined  very  accurately  with  our  apparatus.  In  view  of 
the  very  general  interest  taken  by  spectroscopists  in  bright-line 
spectra, — a  fact  shown  by  the  frequency  with  which  even  the  ap- 
proximate wave-lengths  of  the  few  known  lines  and  bands  are 
quoted. — I  decided  to  investigate  these  stars  as  completelyaa  pos- 
sible.   The  observations  were  practically  finished  in  July,  1893. 

The  stars  of  this  type  are  characterized  by  bright  bands,  and  in 
some  cases  by  bright  lines  and  bands  superposed  upon  thetr 
strong  continuous  spectra.  Manj'  are  further  marked  by  the 
presence  of  absorption  bands  of  different  intensities  and  breadths, 
■and  in  several  I  have  found  dark  lines.  While  many  of  these  spec- 
tra differ  widely  from  each  other  in  appearance,  and  a  few  present 
almost  no  points  of  resemblance,  yet  they  all  fall  readily  into  one 
class,  distinctly  separate  from  every  other  known  type. 

The  first  three  of  these  stars  were  discovered  by  MM.  Wolf  and 
Rayet,  in  1867  at  the  Paris  Observatory,  in  the  constellation 
Cygnus. 

M.  Respighi,  in  1871  at  Madras,  found  that  ^Argus  has  a  simi- 
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Table  I. — List  of  known  Wolf-Rayet  Stars. 


29 
30 

3' 

32 
33 
34 
35 
36 
37 

39  ' 

40  , 

41  I 

42  I 

43 : 

44 

tl 

47 

48 

49 
SO 
5> 
52 
53 
54 
55 


So. 

Star. 

Mag. 

1 

DM.  4-  63°83 

95 

2 

DM.  4-  56°686 

9.1 

1 

DM.  4-  S6°73i 

9S 

4 

Cord.  G.  C.  8631 

7.2 

S 

y  Argus 

3 

6 

Cord.  Z.C.8''4 141 

9 

7 
8 

'■       G.C.  13554 

iii^ 

9 
10 
II 



id 
11 

Cord.  0.  C.  14626 

7-2 

14 

"       Z.  C.  io''2684 

9 

15 

"      G.  C.  146S4 

6.^ 

'7 
IK 

"        "    i4rxji 

8'..i 

^ 

19 

Cord.  G.  C.  14965 

81.*, 

30 

— 

21 

Cord.  G.  C.  15:30 

8.2 

22 

"      15305 

8 

2^ 

— 

24 

Cord.  G.  C.  17840 

6 

2S 

— 

Zb 

— 

28 

Cord.  Z.  C.  15''9J4 

9 

K.A  (IWHI)    Dec.  (IWH)) 


Cord.  Z.  C.  i5''4i29 
"     G.  C.2274S 
"         '■     22763 
"         "     22827 
"     22838 
•'     22S43 
"         "     23072 
'■     23073 
'■         "     23416 
"     Z.  C.  I7*'36i2 
SDM.  —  i9''4854 
"      —2 1=4864 

"      —  ii°4S93 

DM.     +30=3639 

+  35°39S3 

+  3S°4ooi 

+  3S°40i3 

"        -f  37°3S2" 

"        +  36°3956 

"        +  3fi°3987 

+  38°40io 

"  +  43^3571 
+  36°4028 
-f.  55=2721 

DM.    +56=2818 


81,^ 

5-9 

7-5 

7 

8.2 

6.4 

7' 
7.2 

9 

9.6 

7.8 

8.7 

9-3 

7-0 

8.5 

8.0 

7" 
8.0 
8.1 
8.7 
7-5 
9-5 
8.9 
10 
8.9 


h  in 
0  37-5 
2  33-9 
a  44-8 
6  50.0 
8    6.5 

8  51.6 

9  5 '6 
10  6.1 
10     76 

10  14.4 

10  22.9 

10  37-4 

10  37.8 

10  40.1 

10  40,3 

10  43.4 

10  47.9 

10  53.0 

10  55.8 

11  3.3 
II  5.8 
II  55.2 
13  1-7 
'3  "-5 
13  24-3 
13  36-3 

15  iS-9 
■5  SS-o 

16  0.6 
16  44-5 
16  453 
16  47-3 
16  47.9 
16  48.0 
16  57.0 

16  57.2 

17  12. 1 

■7  55-> 

18  2.1 
18    2.5 

18  13.5 

19  30.9 

20  2.2 
20  6,5 
20  8.2 
20  8.4 
20  10.8 

20  13.3 

20  15.8 

20  17,1 

20  17.8 

22  I5.Q 

22  23.7 

22  32.9 


+  64  14 

+  56  '8 

+  56  31 
-2348 

-  47  2 

-  47  12 

-  57  15 
-62  5 

-  60  8 


-  57  24 

-  62  9 
.-  58     8 

-  59  9 
-58  15 

-  59  36 

-  59  12 
-5841 

-  61  46 

-  59  5' 

-  57   17 

-  64  58 

-  60  26 

-  54  33 

-  64  46 

-  57  3* 

-  61  34 

-665s 

-  62  20 

-  62  28 

-  25  57 

-  41  4 
-41  41 

-  41  40 

-  44  50 

-  41  o 
-38    o 

-  37  42 

-  45  32 

-  32  42 

-  19  25 

-  21   16 

-  II  40 
+  30  19 
+  35  31 
+  35  S3 
+  35  54 
+  38  3 
+  36  21 

+  37  7 
--38  25 

-  -  43  32 
--36  36 
+  55  37 
+  5S  46 
+  S6  23 


Out. 

LODK. 

89  53 
105  21 
10b  37 
202  19 
230  20 

235  '3 
248  43 
253  o 

252  4 

251  14 

253  5' 

252  42 

254  5' 

254  29 

255  21 
255  48 

255  20 

257  5 

256  49 
256  16 

259  S3 

25S  38 

263  29 

272  19 

:  274  13 

i  275  'S 

I  275  30 

i  287  4 

!  290  34 

I  290  39 

I  311  20 

I  3'o  56 
311  II 

308  47 
3"  47 
3'5  '3 
315  29 
3'o  47 
326  8 

338  33 

336  56 

347  36 

32  26 

40  20 

41  8 

41  20 

43  7 

42  I 

42  56 

44  16 
48  32 

43  2 

70  29 

71  38 
73  3 


oai 

.   Lat. 

Q          * 

+ 

2    14 

— 

2    18 

— 

t    36 

— 

8  52 

— 

6  59 

— 

t    4 

— 

3  19 

5  "4 

3  30 
o  48 

4  46 
o  46 
0  46 

0  4 

1  1 
o  40 
o  I 

2  36 
o  38 

1 56 

4  53 
o  31 

6  53 
2  51 

4  8 

-  o  1 

-  5  31 

-  5  34 

-  8  28 

+  '7  39 
+  o  44 

o  14 

o 


+ 


+ 


—  2 


3 
7 
o  17 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


1  54 

2  5 


o  37 
3  27 

—  o  46 

—  o  50 


-  I  25 


by 
H.C.  0. 


p. 
R. 
C. 
H.  C.  0. 


C. 

H.  C.  0. 


C. 

H.  C.  0. 

C. 

H.  C.  0. 


C. 

H.  C.  O. 


P. 

H.  C.  O. 


W.-R.i 
"  2 
C. 

W.-R.3 
P. 
H.  C  0. 


450 


The  WoJfRuvet  Stars. 


The  fiftv-Hvc  Wolf-Ravet  V 
stars  now  known  are  ar- 
ranged in  the  order  of  their 
right  actensions  in  Table  1, 
with  their  culaloguc  nuiu- 
bcre  and  magnitudes  in  the 
(tccoiid  uud  third  cohinius. 
The  aTiouymouH  stor  No. 
54  was  observed  here,  and 
I  «sliniatcd  its  magnitude 
at  10.  The  discoverer  of 
each  star  is  noted  in  the 
last  column.  (W.-R.  = 
Wolf-Rayet;  R.  =KcspigUi; 
P.  =  Pickering:  C.  =  Co 
peland;  n.  C.  0.  =  Harvard 
College  Observatory.) 

Professor  Pickering  has 
pointed  out*  that  all  these 
stars  arc  near  tbc  central 
line  of  the  Milky  Way.  and 
have  a  tendency"  to  occnr 
in  groups.  By  assuming  the 
position  of  the  North  Pole 
of  the  Galaxy  at  the  rear 
1900  to  be  in  Right  Ascon- 
eion  l2''40"'aaddccUnation 
+  28".  and  measuring  the 
longitudes  northward  from 
the  ascending  node  (in  right 
ascension  IS"  4.0"'  and  dec- 
lination 0  )  he  found  for  the 
galactic  longitudes  and  lati- 
tudes of  these  stars  the 
results  given  in  ilie  Gtb  and 
7th  columns.  It  will  be  seen 
from  thecolnmn  of  latitudes 
that  all  but  six  are  within 
6*^  of  the  central  line  of  the 
Milky  Way;  only  one.  No. 
30,  is  more  than  y  from 
the  central  line:  and  that 
one  is,  moreover,  in  a  pro- 
jecting spur    of  the   Milky 

*  Astrooomisdte  NMcbrkblen,  No.  3033. 
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4 

1 
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Way.  But  die  tvniarknhle  distrilmtioii  oi  thifse  stnrs  is  shown 
best  by  the  accompanying  chart  (I'ig.  1),  on  which  the  black 
dot»  representing  them  hnve  been  plotted  by  means  of  their 
pnlactic  cooi-dioatcs.  The  upper  hali  rcpR-«cnts  the  Milky  Wny 
south  of  the  e(|«atpr,  anJ  the  lower  hnlf  the  Milky  Way  north 
of  the  equator.  It  extends  only  0'-"  each  way  from  the  galactic 
circle,  and  star  No.  30  is  necessarily  omitted,  tn  adtlition  to 
the  three  well  defined  groups,  made  up  of  the  stars  nnmbcrcd 
31-38,  7-22  and  43-S2.  there  arc  n  few  tnitior  gronpa.  An  un- 
dulj'  large  niinilKrr,  thirty-nine,  are  in  the  Houthem  hemisphtTc, 
and  only  sixteen  in  the  TiorLbcm.  Attention  should  also  l>c 
called  to  the  preference  of  these  stars  for  two  large  and  nearly 
opposite  rejcnons  of  the  Milky  Way,  and  their  avoidance  of  the 
two  equatorial  regions,  whieli  can  not  be  attril)ntcd  to  incom- 
pleteness in  ihc  observations  for  detecting  them. 

Thirty-two  stnra  of  this  type  arc  visible  at  >ft.  Hamilton  ;  but 
many  of  thcw-  arc  near  the  southern  horizon  at  meridian  riassage 
nnd  enn  lie  observed  only  at  a  j?rent  disndvantnge.  y  Argus,  of 
the  3d  magnitude,  is  the  only  bright  one,  A  few  other  stars  very 
far  south  lire  of  tlie  sixth  mn;;nilude.  But  unfortunately  all 
those  in  good  jjoKition  for  observing  with  the  S&inch  telescope 
ai-e  between  the  7th  and  10th  magnitudes:  so  tJmt  practically 
this  investigation  has  been  liniite<l  to  the  spectra  of  the  faint 
i^tars  of  this  class. 

The  visual  deterniinationa  of  the  positions  of  the  star  lines 
are  based  upon  micrometer  comparisons  with  near  lines  in  the 
artificial  spectra  of  copper,  hydrogen,  iron,  lead,  ningncsium, 
icrcury.  zinc.  etc.  Rowland's  wave-lengths  of  the  artificial 
ines  were  employed,  in  so  far  as  he  has  given  them;  and  the 
positions  of  the  others  I  determined  by  direct  niicroraeter  compar- 
ion  with  Rowland's  lines  in  the  solar  spectrum,  using  second  and 
third  order  spectra.  The  wave-lengths  are  therefore  based  upon 
Rowland's  scale, 

Knch  night's  observation  of  a  line  consisted  in  making,  on  an 
average,  five  readings  each  on  the  star  line  and  artificial  line. 
The  positions  of  all  the  lines  and  bands  visible  in  the  thirty-two 
Itars  have  been  measured  a.n  accurately  as  possible,  and  nearly  all 
lave  been  observed  on  two  or  more  nights.  For  the  most  part 
the  observations  were  made  with  a  60''  dense  Hint  prism  dispers- 
ing oVi;^  between  B  and  H*,and  a  magnifying  power  of  13.  With 
this  prism  and  cyc-picce  I  am  just  able  to  separate  the  two  com- 
ponents of  the  doable  solar  line  at  A  4891,  which  are  about  0,7 
tenth-metre  apart.  Occasionally  a  strongly  dispersing  componnd 


pritnn,  or  a  first  or  second  order  grating,  or  a  inagnif>-iiig  power 
of  26,  '^•oiild  be  employed.  Very  ofteu,  even  ia  the  case  "if  the 
brtglitctjt  lines,  uo  g^iti  of  accuracy'  was  luadc  b;i'  using  the  higher 
disiiersion.oii  account  of  the  great  width  of  the  lines  and  thecon- 
sctjuent  difficulty  of  estimating  their  centres. 

The  photographic  obsei'vations  were  made  with  the  BO'*  prism 
and  lOH-iiich  camera.  The  hydrogen  comparison  speetnim  was 
photographed  on  each  plate,  on  both  sides  of  the  star  spectrum, 
at  ahoiit  llic  time  when  the  exposure  on  the  star  was  half  com- 
pleted. Stronger  disperstoti  would  have  (teen  desirable  in  study- 
ing some  parts  of  a  few  of  the  si>ectra:  but  in  many  cases  it 
would  have  been  a  positive  disadvantage,  owing  to  t!:e  great 
width  of  the  bright  hands:  the  increased  width  of  the  bands,  due 
to  higher  dispersion,  would  require  increased  exposure-times,  and 
would  not  yield  corresponding  mcrease  of  accuracy  in  measure- 
ments. Further,  the  Observatory  dtKS  not  yet  possess  a  spectro- 
scope of  rigid  construction  for  photographic  work.  Our  present 
instrument  lies  almost  wholly  in  one  plane:  and  while  serving  its 
original  purpose  admirably,  the  llcxure  duriug  the  long  exposures 
required  for  these  faint  stars  is  suHicient  to  introduce  slight 
errors  of  wave-length,  broaden  tiie  lines,  antl  injure  the  definition. 
For  this  reason,  a  number  of  bands  suspected  -of  being  double 
and  multiple  arc  left  in  doubt.  Nevertlieless.il  has  Ixren  consid- 
ered profitable  to  secure  one  negative  of  each  8i)ectnim.  and 
twenty-four  have  thus  far  been  photographed.  As  is  well  known, 
the  chromatic  aberration  in  a  large  visual  telescope  is  very* 
marked  in  the  blue  and  violet.  Such  is  the  case  with  the  36-inch 
equatorial.  Light  of  only  one  given  wave-lettgth  enters  the  spec- 
troscope proi>erly  for  any  given  position  of  the  slit.  I  am  able, 
therefore,  to  photograph  only  a  very  limited  part  of  a  stellar 
spectrum  at  one  time.  A  few  of  the  photographs  of  these  8|)ectra 
extend  from  H/K  to  near  H^ ;  but  the  greater  number  do  not  ex- 
tend above  *  *20. 

The  photographic  results  must  be  considered,  for  the  above 
reasons,  as  incomplete  and  proyisionnl,  and  I  hofje  to  secure 
another  set  at  some  future  time  with  a  suitfiblc  spcctrosco|K. 

The  thirty-two  stars  observed  arc  arranged  in  the  order  of 
their  right  ascensions  in  the  following  tables.  Under  each  star 
arc  the  collected  results  for  the  several  bright  lines  and  bands  in 
its  spectrum,  both  visual  and  photographic.  Each  wave-length 
recorded  to  four  or  five  places  is  the  result  for  oue  night's  work 
ou  that  line;  and  on  the  average  depends,  as  stated  above,  upon 
five  micrometer  comparisons.     The  visual  determinations  for  the 
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several  nights  appear  in  vertical  columns,  and  their  means  are 
taken. 

Very  few  of  the  lines  are  monochromatic  images  of  the  slit. 
They  are,  with  few  exceptions,  more  or  less  broad  and  ill-defined 
bands,  brightest  at  the  centre,  and  shading  oflF  sometimes 
rapidly,  again  gradually,  in  both  directions.  In  a  few  cases  the 
banns  are  unsym metrical.  Two  extreme  cases  are  found  in  the 
stara  D.M.  +  30°  3639  and  +  43°  3571.  The  lines  in  the  for- 
mer are  nearly  all  narrow  and'some  are  monochromatic;  while 
in  the  latter  star  they  are  abnormally  broad  and  somewhat 
unsym  metrical. 

The  intensities  of  the  lines  are  indicated  in  a  general  way  by 
means  of  symbols  under  the  numbers  representing  their  wave- 
lengths. Thus,  ++ signifies  "very  bright";  +  signifies  "bright;" 
those  "easily  measurable "  are  unmarked ;  the  "difficult " 
lines  are  marked  thus  — ;  while  for  those  too  faint  to  justify 
micrometer  measures,  and  for  some  "  measurable  "  or  "  difficnlt " 
lines  which  are  "very  bright"  in  a  number  of  other  stars,  the 
results  are^ven  in  three  figures. 

The  visual  intensity  curves  of  these  thirty-two  stars  were  con- 
structed in  my  note-books  twice,  on  the  average,  for  each  star. 
It  is  impracticable  and  unnecessary  to  reproduce  them  all,  and 
I  have  selected  for  reproduction  the  four  shown  on  Figure  2. 
They  are  typical  of  nearly  all  the  spectra,  but  of  course  are  far 
from  representing  all  the  variations  in  the  relative  intensities  of 
the  bands.  The  photographic  intensity  curves  of  four  stars  are 
shown  on  Figure  3,  but  they  are  seriously  modified,  it  must  be 
remembered,  by  chromatic  aberration. 

The  spectra  of  these  stars  did  not  seem  to  me  to  be  relatively 
faint  in  the  blue  and  violet.  The  continuous  spectra  were  usually 
visible  up  to  Hd;  which,  considering  the  magnitudes  of  the  stars, 
is  as  far  as  we  would  expect  to  follow  them.  Some  of  the  spectra, 
notably  that  of  ;'  Argus,  seemed  unusually  strong  in  the  blue 
and  violet. 

The  dark  absorption  bands  were  observed  by  noting  them  in 
the  intensity  curves.  A  large  number  of  the  stars  show  no  traces 
of  the  broad  absorption  bands,  several  others  show  them 
slightly ;  in  a  few  the  absorption  is  plainly  visible,  and  in  a  few  it 
is  marked.  On  the  whole,  the  absorption  is  much  less  than  I  had 
expected  to  find  it.  While  much  of  the  effect  is  real,  some  of  it  is 
undoubtedly  due  to  contrast  between  faint  continuous  spectrum 
and  very  bright  bands.  Nearly  all  the  strong  absorption  bands 
noted  by  me  lie  on  one  or  both  sides  of  the  strong  bright  bands 
X  581   and  A.  569  in  the  yellow,  and  of  the  very  strong  bright 
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Fig.  3,— PHoTOGRAi'iiic  I.vtensity  Curve  of  the  Wolf-Rayet  Stars. 
bands  A.  469  and  A  465  in  the  blue.    They  do  not  admit  of  accur- 


ate observation. 


No.  1.      DM.  +  63°  83. 

no 


581 

5413.0 
5413.5 
5411.9 
5412.6 

5023 

4038 

4861 

4688.2 
4687.9 
4687.5 
4686.4 
4685.3 

4615 
4614 
4615 

454 

581 

5413 

5023 

4938 

4861 

4687 

4615 

454 

— 

+ 

— 

— 

— 

++ 

— 

— 

Pliotographic:  4688,  4615, 454. 

++      + 

Negative  under-exposed.      The  band   469  is  about  40  tenth- 
metres  broad. 

No.  2.    DM.  +  56°  686. 

5814.2    5690.0    5590.8    5472    54<4    526    5»26    5020   4861       4787    469  4653-6  4S34 

5813.4    5692-4    5598-0    S4I1    5125    5020    4653-2  4535 

5121    5021    4653.2  


5814       5691       5594       5472    54'2    526    5124    5020    4861       4787    469  4653      4534 
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No  photograph  taken.   The  band  465  unites  with  and  overlaps 
a  fainter  band  at  469,  as  in  the  star  No.  41,  S  DM.  —  21°  4864. 

[See  Fig  2]. 


5810.1 

5690 

5594 

5812.3 

5692 

5594 

5813.8 

6811.8 

6812.8 

5812 

6691 

5594 

+  + 

No.  3.    DM. +  56°731. 
5470 


5470 


5411.2 
5410.8 

469 
469 

4654 
4652 
4656 

5411 

4654 

454 


454 


No  photograph  taken.    The  band  at  465  unites  with  and  over- 
laps the  fainter  band  469,  as  in  the  preceding  star. 

No.  4.    Cord.  G.C.  8631. 

Ha  D,  H/S  Hr 

6563  588  6807  569  559  5471  5418  4944  4860  4789  4688  4614  4545  4343 

5803  5413  4944  4863  4688  4616  4544  4342 

5809  5416  4940  4863  4687  4614  

5808  5415  : 

'"..".  ...".'.  "ZZ.  ZZ  ZZ'.  ZZZ^.  5415  zzz^.  zzz  zzz  zzz  zzz  zzz  zzz. 


6663  688  5807  569  559  5471  5416  4943  4862  4789  4668  4614  4544  4342 

-   ++       +       ++  +    + 

Photographic:  4688,  4628,  460,  454,  451,  Uy,  420.  H*.    Expoaure  too  short. 

-f  +      +  +  ++  ++  + 

The  band  observed  visually  at  4614  is  shown  by  the  photo- 
graph to  consist  of  two,  at  4628  and  460.  This  sijectrum  is 
almost  identical  with  that  of  +  37°3821  and  +  35°4001. 

Pickering,  with  the  15-inch  Cambridge  refractor  in  1831,  ob- 
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Photograpliic:  Exposures  on  ordinary  dry  plates  show  bright 
lines  at 

4787    4688    4651    454'  4517    4504    4480    4467    4442    432    4270    4227 

+       ++  +  +       +f 

They  show  Hy,  H<5,  Hf  to  be  dark,  with  no  signs  of  bright 
edges,  such  as  would  exist  if  the  Hnes  were  doubly  reversed-  The 
visual  observations  show  Ha  to  be  quite  bright,  with  no  signs  of 
reversal.  Two-  negatives  show  what  seems  to  be  a  very  faint 
band  at  H>S,  with  a  fine  partially  dark  line  through  its  center  at 
4861 ;  but  the  contrasts  are  very  slight  indeed.  Photographs  on 
isochromatic  plates  show  all  the  bright  bands  observed  visually 
except  Ha,  and  additional  ones  at  5470,  5135,  5020,  494,  4787, 
There  appears  to  be  a  dark  line  at  4473,  between  the  bright 
bands  4480  and  4467,  possibly  coincident  with  the  bright  chro- 
mosphere line  4472. 

1  believe  that  this  is  the  first  spectrum  in  which  the  Ha  line  has 
been  observed  to  be  bright  and  the  other  hydrogen  lines  dark. 
The  blue  and  violet  regions  of  this  spectrum  are  relatively  very 
bright,  and  the  continuous  spectrum  is  visible  to  K.  The  altitude 
of  y  Argus  when  on  o*ur  meridian  is  less  than  6°. 

A  visual  intensity  curve  of  this  spectrum  was  published  by  me 
in  Astronomy  and  Astho-Puvsics  for  June,  1893. 

Respighi  observed  a  few  bright  lines  in  this  star  at  Madras  in 
1871,  but  did  not  identify  them. — Contptes  Rendus,  Vol.  74,  p. 
516. 

Ellcry,  at  Melbourne  in  1879,  observed  bright  Hues  at  5760, 
5648,  4:682.— Observatory,  Vol.  2,  p.  418. 

Copeland,  at  I*uno,  Peru,  in  1883,  observed  three  intensely 
bright  and  strong  lines  at  5809,  5668,  4646,  and  a  slender  bright 
line  at  5Q0.— Copernicus,  Vol.  3,  p.  205. 

No.  6.    Cord.  Z.  C.  8"  4141. 


5812.0 
581 4.5 
5S13.1 

5690 
5090 

559 
559 

542 
542 

H/3. 
4S62 

4802 

4690,1 
4690.3  • 

4649.3 
4652.4 

454 

5813. 

+ 

4090 

4651 

+  + 

454 

No  photograph  taken.  The  altitude  of  this  star  on  the  merid- 
ian is  less  than  6".  I  have  idcntihed  it  as  Cord.  Z.  C.  8"  4141,  9th 
magnitude. 

Copeland,  at  Puno  in  1883,  observed  a  fairly  bright  line  at  573 
and  an  intense  one  at  4636. — Copernicus,  Vol.  3,  p.  206. 
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No.  25.    Anonymous. 

Copeland,  at  Puno  in  1883,  observed  this  to  be  a  9th  magnitude 
star,  with  bright  lines  in  its  spectrum  at  5753,  4643.— Coperni- 
cus, Vol.  3,  p.  206. 

No.  30.    Cord  2.  C.  15"  4129. 

5133      4-942      4687 

These  lines  very  faint  and  broad.    No  photograph  taken. 
No.  31.    Cord  G.  C.  22748. 

4690 
I  

Photographic :  4689,  4637. 

The  Hy  and  4473  lines  are  narrow,  dark,  with  borders  slightly 
brightened,  probably  double- re  versed.  There  are  dark  lines  at 
454  and  451. 

No.  32.    Cord  G.  C.  22763.  " 

H/! 

5573.2  5411.8   5132   5022   4941   4861.1   4785.4  4685.4  4637.2 

5472.3  5413.4   5134   4860.1   4784.4  4686.1  4637.3 

,„ 4861.6    4686.8  4638.7 

4688.0  4637.5 

5473    5412    5133   5022   4941   4861    4785    4687    4638 

Photographic;  4690,  4638,  4543,  4515,  4473,  4340. 

+    +  + 

The  band  at  4638  is  more  prominent  than  in  any  of  the  other 
stars  containing  it,  and  admitted  of  very  accurate  observation. 
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probably  one  of  the  borders  of  a  doubly  reversed  H/3.    The  band 
469  is  too  faint  to  observe  accurately  ^-isually. 

Copeland,  at  Puno  in  1883,  observed  bright  lines  at  5809, 
5692,  4:651.— Copernicus,  Vol.  3.  p.  205. 

No.  34.    Cord.  G.  C.  22838. 

■       4693 

Extremely  faint  band.    No  photograph  taken.     Its  altitude  oii 
the  meridian  is  only  8°. 

No.  35.    Cord.  G.  C.  22843. 

H/3 
4863        4686.7 
4-687.2 


(4863)      4687 

Photographic:  4688,  4637.  The  Hy  line  is  dark,  with  bright 
border,  on  red  side,  possibly  double-reversed. 

The  difficult  line  measured  visually  at  (4863)  is  possibly  a  simi- 
lar bright  border  on  the  red  side  of  H/3. 

No.  36.    Cord.  G.  C.  23072. 

No  bright  lines  observable. 

Photographic  :  The  Hy  line  is  dark.  There  is  a  possible  trace 
of  bright  469,  but  it  is  very  doubtful.  Is  this  star  of  the  Wolf- 
Rayet  type? 

No.  37.    Cord  G.  C.  23073. 

4689.5 
4690.2 


4690 


Photographic :    4688,  4637.    Hy  is  dark. 

No.  38.    Cord.  G.  C.  23416. 

Hy? 
S814.4  5690.9  SS90.4  5471  5413  5286  5252  5133  5017-'  4936  4862  4785  4691.7  4652.2 454 

5812.85693.85592.7 5019.84940 4692.74651.4  .„. 

5590-9  5021.6  


5813     5692     5591     S47>  S4>3  5286  5252  51335019    4938486247854692     4652    454 

+++++      +      -  -      +      +  ++- 

Photographic:  4688,  4651,  4544,  449,  4444,  432. 

+   ++ 

Hy  is  probably  bright;  but  if  so,  it  is  shifted  to  the  violet  con- 
siderably. 4444  is  very  broad  and  possibly  double.  The  band  469 
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is  very  faint  visually.    The  greatest  altitude  of  this  star  is  about 

7°. 

No.  39.    Cord.  2.  C.  17"  3612. 

5816.0  5695.5  5591.1  5474  5410.8  5249  5132  5021.8  4939  4862  4789  4691.0  4653.7 

5815.5  5695-4  5539-4 S021.8  4935  4691.1  4653.2 

5818.5  5692.9  


5817      5694      5590     5474  5411      5349  5132  5022      4937   4iS62  47S9  4691      4653 
+-f         -  -  -  -  -  ++ 

No  photograph  taken. 

No.  40.    SDM.  — 19'^4854. 

5413        4862       4686       4j+ 

-  ++  - 

No  photograph  taken. 

No.  41.    SDM.  —  21°  4864. 

H,5  Hr 

S8i4-8  5692.6  :^.i  ;47i.o  ;4io.5  ciSz.o  ;J4I.o  -iji.o  =053.0  ^qjo.^  4S0i-i  4780.0  46;;  4=41  4443  433S 

5810.6   5691. S  =:qi.o   ;47(i.:   \ni-i   =2Sa.4  ^148.6  =124.8  ;Cim.=  49.!<)-i     478d.:   4646  4746  4441  

$5i3-6  3690.6  itqi.q  S47.V1  :4o9<)  =jSq.o  5149-1  '-u.vo  ;oM.o  49J7  4    4785.5  4t>5S  453-  4440 

5594.4     iiHt-i    51M.7   50J.I.I    

5S13      561H       =594       5471       5411       5284      5246      Mr>      =013       49,W        4S61       47S6       46=3  ^541  444*    433* 
+  ++r-»-  1-  +- 

PbotoRrophIc:    461),  4'i:.  4:4. 44i)3.  444*.  4389.  43^-  4341- 

+    1  t     1       +     •-  +  + 

The  band  at  4442  is  very  wide  and  possibly  double.  The  bands 
at  469  and  465  are  unusually  wide  and  overlap  considerably. 

The  visual  intensity  curve  for  this  spectrum  is  given  on  Fig. 
2 ;  and  the  photographic  intensity  curve  on  Fig.  3. 

Pickering,  at  Cambridge  in  1881,  observed  bright  lines  at  582, 
470.— Natuie,  Vol.  23,  p.  604. 
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No.  43.    DM.  +  30°  3639. 

Ha   D-.,  li/3  Ky 

6;6j    'SS    :Si  =6()io  =;g   ^412.3    ;ag  'I'-i  <i3t.3  ^033    4941   4SA1.1    47Sr>   469t.4  46:[.^  4444   4340.3 

'(XJ36     ■■■     -410.1    ....  12*1,1  :i,!S.;  3017   wi/i   iSbl.q   47S7   4'>.'*j.4  ii'^iA  ■■■ 

=''')3-4  -141  =141.0  ;030    47S<)    4^7.6  4^=J''  

'(iq;.9  ilfto  iiwo  toil    4l>;3.f)  

'Wi-y  ;2:S  :i.\-?.3 4<M9-3  

=6*4-3  M4')  '1,577  

6^1    tSS    'Si    -(xn-o   ;^   =411      ;3o    ;3^'    =135      5o»   4')35    4»>i.;  47S6  4W9      46:3      4444    4340 

—  •+—  —  1-  r  —  -^ 

Photogrnpliic:    4862,  468!),  46.'>3,  4621,  4092,  4555,  4544,  4517,  4474,  4+57 

++      +       ++  .+         +         + 

4444,  4416,  4389,  4369,  4341,  4323,  4267. 

+    +  ++ 

The  lines  in  this  Jijcctrum  are  better  defined  than  those  in  any 
of  the  other  spectra.  The  brightest  lines  are  the  hydrogen  lines 
H/3  and  Hy.  Thej'  are  true  monochromatic  images  of  the  slit,  and 
the  second  measure  of  the  H/S  line  was  made  with  a  second  or- 
der grating.  The  line  at  X  5694  is  well  defined,  and  indeed  ap- 
pears to  be  monochromatic.  I  have  for  that  reason  determined 
its  wave-length  a  large  number  of  times.  Several  of  the  lines 
have  not  been  found  in  any  of  the  other  stars;  and  in  many  re- 
spects, as  Mrs.  Fleming  pointed  out*  at  the  time  of  discovery,  its 
appearance  diflFers  from  that  of  the  other  stars  of  this  class. 

With  ividc  slit. 


^^^^^^^■"■-^■^"^^^^^^^^^  With 

I  have  observed  this  star  to  be  surrounded  by  an  incandescent 
hydrogen  envelope.  This  observation  was  made  spectroscopi- 
cally,  and  presented  no  difficulties.  The  princi])al  features  of  this 
spectrum,  aside  from  the  continuous  spectrum,  consist  of  the 
bright  line  at  '.  r>Ry+.  the  bright  band  at  /  46r)2  and  the  very 
bright  Hff  line.  When  the  spectroscope  was  adjusted  for  the 
various  ]jarts  of  the  spectrum  tlic  line  at  a  r)694  appeared  essen- 
tially as  a  stellar  point ;  the  band  at  /.  4652  was  broad  but  short 
and  lay  wholly  upon  the  continuous  sjiectrum;  but  the  hydrogen 
line  H^  was  narrow  nnd  long,  extending  a  very  appreciable  dis- 
tance each  side  of  the  continuous  spectrum.  When  the  slit  was 
■  .-Xstronomische  Nacbrichtcn,  No.  29S6. 


?wr 


^.:....;y.^.^,^j^.,j.j,,^^j^.^^^,y,,j^,^^^|jy^^^^^^ 
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opened  wide  the  YLS  line  became  a  circular  disc,  while  the  line 
^  5694  and  the  band  I  4652  remained  unchanged.  The  appear- 
ances of  the  H/S  line  with  open  slit  and  with  narrow  slit  are 
shown  in  the  accompanying  cut.  The  diameter  of  the  disc  was 
measured  with  the  micrometer  and  found  to  be  about  5".  The 
Hr  line  and  the  very  faint  Ha  line  were  seen,  with  open  slit,  to 
have  similar  forms.  There  can  be  no  doubt  that  the  observed 
appearances  are  due  to  an  envelope  of  incandescent  hydrogen 
surrounding  the  nucleus  which  yields  the  continuous  spectrum 
and  the  other  bright  lines.  The  large  size  of  the  envelope  may  be 
due  in  part  to  the  nearness  of  this  star  to  the  solar  system;  but 
as  to  that,  no  statement  can  now  be  made. 

The  other  stars  of  this' type  were  examined  for  discs,  spectro- 
scopically,  but  none  were  discovered. 

The  superiority  of  the  spectroscopic  method  for  observations  of 
this  kind  is  at  once  evident.  Indeed,  the  above  observation  could 
not  be  made  with  the  36-inch  refractor,  4ising  an  ordinary  eye- 
piece. While  it  was  seen  that  the  light  in  this  star  is  unusually 
distributed,  the  effects  of  the  large  chromatic  aberration  could 
not  be  eliminated  sufficiently  to  permit  the  detection  of  the  disc. 

A  photographic  intensitv  curve  of  this  spectrum  is  given  On 
Fig.  3. 

No.  44.     DM. +  35^3953. 

+68  4... 1 
4-689  5 
4687.9 
4687.4 


4687 

-1- 
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The  band  observed  vUually  at  4616  is  shown  by  the  photo- 
graph to  consist  of  two,  at  4627  and  4598.  This  spectrum  is 
almost  identical  with  that  of  DM.  +  37°  3821.    [See  Fig.  2]. 

Wolf  and  Ravet  observed  bright  lines  in  this  star  in  1867,  but 
did  not  identify  them. — Comptes  Rendus,  Vol.  65,  p.  292. 

Vogel,  at  Vienna  in  1883,  constructed  a  visual  intensity  curve 
for  this  spectrum,  and  observed  the  following  bright  lines:  583, 
very  faint ;  571,  very  faint,  only  spspected ;  541,  bright  line ;  486, 
fairly  bright  (H>»);  486,  brightest  place  in  bright  band— PaW. 
Potsdam,  Vol.  4,  pp.  18,  21. 

Copeland,  using  the  15-inch  Dun  Echt  refractor,  observed  a 
bright  line  at  5412,  a  faint  line  at  5220,  and  a  large  blue  band  at 
4695.— Proc.  Roy.  Soc,  Vol.  49,  p.  43. 

Pickering  states  that  the  Draper  spectrum  photographs  show  a 
blue  band  at  469,  and  bright  lines  at  462,  455.  434,  420,  410, 
406,  402,  397,  395,  389,  388.— Proc.  Roy.  Sqc;  Vol,  49,  p.  36. 

Dr.  and  Mrs.  Huggins'  intensity  curve  of  the  band  near  469 
places  the  maximum  brightness  at  about  4687. — Proc.  Roy.  Soc, 
Vol.  49,  p.  34. 

No.  46.    DM.  +  35°  4013. 
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4343,  4334,  4310,  4277,  42G0,  4227,  420,  4102,  4064,  4023. 
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The  line  at  4510  is  pretty  certainly  double,  with  components  at 
4518  and  4504.  The  lines  at  4480  and  4465  may  possibly  be  the 
very  bright  borders  of  a  doubly  reversed  line  at  4473,  but  that  is 
hardly  probable.  All  the  lines  in  this  star  are  really  bands  of 
different  widths,  except  possibly  those  at  4343  and  4334,  near 
Hy.  The  appearance  at  Hy  is  very  peculiar;  neither  of  the  fine 
bright  lines  coincides  with  the  artificial  hydrogen  line,  nor  is 
there  any  basis  for  classing  it  as  a  double  reversal. 

The  visual  intensity  curve  of  this  star  is  given  on  Fig.  2;  and 
the  photographic  curve  on  Fig.  3. 

Wolf  and  Raj'et  observed  four  bright  lines  in  this  star,  and 
made  micrometer  readings  upon  them.  Their  lines  are  probably 
those  at  581,  569,  541,  465.— Comptes  Rendas,  Vol.  65,  p.  292. 
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the  Wolf-Rayet  Stars. 


Yogel,  at  Vienna  in  1883,  observed  vefy  bright  lines  at  5S2, 
570,  and  the  brightest  place  in  a  broad  weak  band  at  464.  He 
also  constructed  a  visual  intensity  curve. — Pahl.  Potsdam,  Vol. 
4,  pp.  19,  21. 

Copeland,  at  Dim  Echt  in  1884,  observed  bright  lines  at  5824, 
5689,  5410  and  a  large  band  at  4654.— Froc.  Roj.  Soc.,  Vol.  49, 
p.  43. 

Dr.  and  Mrs.  Huggins  in  1890  observed  a  bright  band  whose 
maximum  brightness  is  near  4650,  and  a  faint  band  with  maxi- 
mum near  4690.  They  likewise  observed  a  group  of  bright  lines 
at  about  X  5690  and  a  faint  line  near  D,.— Proc.  Roj.  Soc.,  Vol. 
49,  pp.  34,  44. 

No.  47.    D.M.  +  37°  3821. 
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All  these  lines  are  broad  except  possibly  4598.  There  is  an  ab- 
sorption line  at  about  4457.  The  bright  Ha  line  is  easily  visible. 
This  spectrum  is  almost  identical  with  that  of  D.M.  +  35°  4001. 

The  visual  intensity  curve  for  this  star  is  given   on   Fig.  2; 
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This  spectrum  strongly  resembles  that  of  DM.  +  35°  4013. 

Wolf  and  Rayet  observed  bright  lines  in  this  star  in  1867,  but 
give  no  wave-lengths.— Com/>fes  Rendas,  Vol.  65,  p.  292. 

Vogel,  at  Vienna  in  1883,  observed  bright  Hoes  582,  569,  and 
the  brightest  place  of  a  band  at  464.  He  constructed  a  visuallin- 
tensity  curve  also. — Publ.  Potsdam,  Vol.  4,  pp.  20,  21. 

Copeland,  at  Dun  Echt  in  1884,  observed  bright  lines  at  5810. 
5704,  a  faint  line  at  5233,  and  a  large  blue  band  at  4649.— Proc, 
RoySoc,  Vol.  49,  p.  43. 

Dr.  and  Mrs.  Huggins,  in  1890,  observed  the  maximum  of  the 
bright  blue  band  to  be  at  about  4650.  and  a  faint  band  at  about 
4688.— Pfoc.  Roy.  Soc,  Vol.  49,  p.  34. 

No.  49.    DM.  +  36°  3987. 
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Photographic:  4688,  4636,  4615,  454,  4341. 

No.  50.    DM.  -1-38°  4010. 
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Photographic:  +089, +637.  45+. 

H;'  is  dark  with  edges  slightly  bright.  It  is  probably  a  doubly 
reversal. 

The  linfe  observed  visually  at  4855  was  seen  to  be  raorerefrang- 
ible  than  the  hydrogen  artificial  H/5,  and  ray  notes  say  "Prob- 
ably Hfi  not  present."  It  may  be  the  bright  margin  of  a  doubly 
reversed  Hfi. 
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The  Wolf-Rayet  Stars. 


The  H>S,  Hy,  and  H*  lines  are  dark,  with  slightly  brightened 
broad  borders :  they  are  probably  double-reversed.  The  bands  at 
469  and  465  are  broader  than  in  any  of  the  othef  stars  observed. 
The  brighter  one,  465,  overlaps  469  and  is  itself  about  80  tenth- 
meters  broad  and  nearly  uniform  throughout.  The  line  observed 
as  Ha  is  very  faint,  rather  broad,  and  may  be  the  bright  borders 
of  a  dark  Ha.  It  may  be,  however,  that  Ha  is  bright  and  the 
other  hydrogen  lines  are  dark,  as  in  y  Argus. 

The  lines  in  this  star  are  all  very  broad.  Some  are  also  unsym- 
metrical,  and  these  wave-lengths  should  have  little  weight  when 
the  results  for  all  the  stars  are  combined. 


No.  52.    DM. +  36°  4028. 
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Photographic:  4686,  465,  4627,460,454 
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No.  53.  DM.  +  55°  2721. 
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The  wave-lengths  of  the  bright  bands  observed  visually  in  these 
stars  are  brought  tog^ether  in  Table  II,  and  those  observed  pho- 
tographically {including  a  few  dark  lines)  in  Table  III.  The 
means  for  the  several  lines  have  been  formed  with  due  regard  to 
the  character  and  relative  number  of  observations  of  the  lines  in 
the  different  stars.  In  Table  III  the  dark  lines  with  brightened 
borders  are  marked  "rev.,"  signifying  possible  double  reversal. 

I  wish  to  emphasize  the  fact  that  the  lines  in  these  spectra  have 
a  great  variety  of  forms  and  intensities.  The  hydrogen  lines  are 
especially  noteworthy :  they  have  nearly  every  known  character. 
In  many  of  the  stars  they  are  dark.  Again,  they  are  dark  with 
bright  borders,  and  suggest  strongly  that  they  are  doubly  re- 
versed. The  bright  hydrogen  lines  vary  from  faint  to  very 
bright,  from  monochromatic  lines  to  very  broad  bands,  and  from 
those  clearly  single  to  those  apparently  multiple.  The  other 
prominent  bright  bands  are  of  very  different  widths  and  intens- 
ities in  the  different  stars.  Many  of  the  bands  are  always  faint, 
as  will  be  seen  from  the  symbols  written  below  their  wave- 
lengths. These  symbols  and  the  notes  given  with  the  tables  of 
measures  for  each  star  make  farther  descriptions  unnecessary 
here. 

It  will  be  noticed  in  Table  III  that  several  of  the  lines  do  not 
appear  in  many  stars.  That  is  due,  in  some  measure,  to  the  dif- 
ferent degrees  of  exposure  of  the  various  plates;  and  further  to 
the  fact  that  the  star  +  30°  3639  appears  to  be  of  a  somewhat 
different  type  from  the  others.  Many  apparent  lines  have  been 
omitted  because  a  second  plate  has  not  yet  been  taken  to  test 
their  reality. 

The  photographs  show,  even  better  than  the  visual  observa- 
tions, that  the  blue  bands  at  4688  and  4652  are  often  associated 
in  the  same  spectrum.  The  band  at  4636  is  distinctly  separate 
from  those  at  4652  and  4626,  and  is  found  in  several  stars. 
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Table  II.— Bright  Bands  Observed  Visoally 
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Table  III.— Bright  Bands  Observed  Photographically 


^H 

Star. 

H^ 

, 

1 

DM.  +  fia^Sj 

4538 

461 

+5 

454 

r  ' 

Cord.  G.  C.  S631 

462s 

4628 

46a 

4S4 

45' 

1 

f           s 

y  Argtis. 

47B;  4(i8S 

4^1 

45174SO4 

|44&» 

1               3. 

Cord.  G.  C.  22748 

46*? 

4637 

- 

[1«r|[ 

1 
Ourk 

T 

1 

+ 

+ 

1               3a 

'*         "      32763 

4690 

469 

4638 

+ 

4543 

4515 

33 

33837 

465a 

35 

"       aiS43 

4688 

++ 

4&37 

36 

"       23072 

\              37 

"       33073 

46SS 

* 

4637 

38 

"      aj^ifi 

468S 

+ 

4651 

++ 

4544 

449 

f              41 

SDM.  —  ai''4S64 

469 

4»'5 

454 

+ 

+493 

1               *i 

•■•      -  Ji''4S93 

46S7 

+ 

4650 

++ 

4480 

I                43 

DM.  +  30^3635 

4863 

4689 

4653 

-H- 

4621 

459* 

455S 

4S44 

4517 

+ 

;          ^ 

*'      +  3S°3953 

469 

« 

"      +  35  "400 1 

4863 

4787 

+fi«: 

4650 

4617 

4598 

4341 

4S' 

nS 

+*6i 

++ 

+ 

+ 

46 

"      +3SV13 

4»6i 

47«8 

+ 

4688 

+ 

465s 
++ 

43451 

4518 

+ 

4S04 

+ 

44S0 

+ 

47 

"      -f  37^38" 

4862 

47S7 

4M7 

4650 

46=7 

4598 

+ 

454' 

4508 
+ 

4+8t 

48 

"      +  36°3956 

4790 

46904651 

+  -H+ 

Ah-^i 

.lAic 

4540 

4510 

1 

^H 

W.  W.  Campbell 


471 


IN  THE  WoLF-RaYET  StaRS. 


■So. 

Uy 

iij 

He 

, 

^_ 

4 

4341 

1 

420 
-H- 

4102 

dork 

S 

darjt 

4467 
+ 

4443 
1    ■ 

ilarlc 

43= 

42  7^ 

4327 

d&rk 

3t 

duriE 

TT 

dark 

3* 
33 

4473 

j 

4340 

(Jarlc 

3i 

*          " 

dark 

3fi 

' 

(lOPj 

37 

) 

iinrk 

38 

4444 

433 

41 
42 

4442 
++ 
4442 

+ 
4444 

4389 

i 

4369 

4341 

+ 

43 

44 

4474 

4457 

4416 

43S9 
dHTk 

4359 

4341: 

■  ark 

4323 

dark 

4267 

45 
46 

47 
4S 

4465 

4465 

+ 

4465 

444a 

4441 
++ 
444* 

+442 

4369 

43^ 

434> 

+ 
4343 

+ 
4341 
++ 
4340 

4334 

+ 

43t6 

+ 

43 '4 

4S7; 

+ 

4377 

416a 
+ 

4260 

4127 

4239 

420 

-h 

430 

410a 

+ 
4103 

+ 
4102 

+ 

406 
4064 

4062 

4013 

49 

n    r 

434' 

50 

4Brt 

S" 

dark 

rsv. 

■ 

diLrk 

5* 

53 

55 



4473 

4466 

4457 

4443 

4416 

43S9 

4369 

434" 

4334 

4318 

4^73 

4260 

4228 

420 

410Z 

4063 

40*3 

472 


The  Wolf-Rjiwt  Siars. 


Witlioiit  K^ing  ItirthcT  into  details,  it  is  now  n  qncstion  of 
idciitifyinji  the  lines  and  hands  with  the  lines  of  known  elcmcnta, 
and  of  ns^igniiig  to  these  stnrs  their  place  along  with  other 
types  of  etrlestial  ohjects.    \  most  pcr^ilcxing  question ! 

The  hydrogen  lines  Hn,  Hfi,  Hy,  Htf,  Jirc  present,  but  the  other 
lines  do  not  admit  of  certjiin  identifiention.  Prominent  iron  and 
other  line*  may  coincide  with  a  few  of  the  star  lines,  and  the  line 
ot  4-l-Su  suggests  a  mngnesium  origin  ;  but  there  an.-  not  enough 
points  of  identity  with  well-known  artificial  or  stellar  spectra  to 
enalile  us  to  draw  any  safe  conclusions. 

The  presence  of  bright  lines  in  these  stars  suggests  a  Cfimpari- 
son  with  other  briglit-line  sja'ctra.  I'rolcsaor  Pickering  has 
pointed  out"  that  a  probable  close  relation  exists  betwcea  tlicm 
and  the  "Orion  typc'^'  stars,  four-fifthR  of  which  arc  in  the  Milky 
Way,  and  the  plauctan,-  nebula?,  nearly  all  of  which  are  in  the 
Milky  Way.  Ti  has  also  been  suggested  that  the  Wolf.Rnyet 
Kturs  are  closely  related  to  the  "new  stars."  In  order  to  facili- 
tate the  comparison  of  these  and  other  spectra.  I  have  construct- 
Cil  Table  l^'  The  wave-lengths  of  the  forty-five  bright  hands 
obscr\'ed  in  the  Wolf-Rayet  stars  are  given  in  the  first  column. 
Opposite  to  them  arc  placed  possible  correspi>ading bright  lines  in 
the  solar  chromosphere,  .Nova  Aurigje(  February.  1892),t  and  the 
dark  lines  in  the  "  Orion  iyi>e  "  stars  and  fi  Lyne. 

The  hydrogen  Unes  arc  prominent  in  all  the  six  S|>ectra.  The 
D,  and  4472  chromosphere  lines  appear,  within  the  limits  of  error 
of  the  measures,  to  exist  pretty  prominently  in  all  these  tyjies  of 
spectra  except  that  of  Nova  Aurigre.  D.  was  not  ohser\-ed  at  all 
in  the  latter  sjwctnim,  and  44-73  was  far  from  prominent  {schwer 
aufzulassen) . 

If  we  Dtnit  the  hydrogen,  D,  and  44-72  lines,  the  remaining  pos- 
sible coincidences  with  solar  chrmosphere  line?*  arc  of  extremely 
small  weight.  The  chromosphere  lines  5285  and  5019  are  prom- 
inent, but  thej' coincide  \vith  two  of  the  faintest  Wolf-Rayet  lines. 
The  other  chromosphere  lines  ai*e  comparatively  faint. 

If  we  compare  columns  one  and  three  wc  shall  fmd  that  the  co- 
incidences are  e<)nally  unsatisfactory.  The  prominent  Wolf- 
Rayet  hnes  arc  conspicuously  absent  from  the  spectrum  of  Nova 
Auriga,  of  Nova  Norma;,  and  probably*  xdso  of  Nova  Cygni ;  and 
the  converse  is  likewise  true.  There  are  several  possible  coin- 
cidences,but  on  the  whole  they  relate  to  faint  lines  in  one  or  both 
of  the  spectra;  and  the  great  majority  of  the  lines  in  the  two 

*  Astroitomiscbc  Ntubrkbten,  No.  3025. 

t  L'ting  tbr  Pottdain  Knd  Lick  liiilit  or  briftliL  lines. 
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Table  IV 

.—Comparison  of  Wolf-Rayet  and  other 
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Spectra  do  not  coincide  with  each  other.  Aside  from  the  fact  that 
the  lines  in  the  "new  stars"  and  Wolf-Rayet  stars  are  broad, 
these  two  types  do  not  seem  to  have  many  points  in  common. 

The  second  and  third  columns  of  the  table  are  nearly  identical, 
and  the  comparisons  with  the  first  column  lead  to  similar  conclu- 
sions. That  was  to  be  expected  since,  it  will  be  remembered,  the 
February.  1892.  spectruin  of  Nova  Aurffj^t:  was  lareeiv  chrnmo- 


say  that  if  any  rtrlatiun  exists  between  these  spectra,  it  is  not 
clearly  cstaliliahed  ami  it^  niuiire  is  not  apparent. 

A  comparison  with  the  dnrk  lines  in  the  Orion  type  stars  gives 
substantially  the  same  results  as  obtained  for  the  nebula;,  as 
would  be  expected  from  the  close  relationship  of  the  nehnlar  and 
Orion  type  spectra.'  Tlie  presence  of  the  lines  4G><H.  4-(i52,  -HM, 
4389,4067  and  4026  in  the  twospcctramust  be  given  great  siRtii. 
ficance.  However,  numerous  strong  lines  in  the  Orion  stJirs  have 
not  been  found  in  lite  Wolf-Kayet  stars  and  Wee-versa,  though 
careful  search  was  made  for  them.  The  Orion  star  lines  in  col- 
umn five  are  taken  from  my  photographs  of  ft.  rS,  c,  Orionis  -and 
sis  stars  in  the  ilense  parts  of  the  Orion  Nebula.  I  have  not  in- 
cluded lines  contained  in  tlie  spectrum  of  a  Cygni;  they  are  so 
namcrfiusthat.  within  the  limits  of  observation  errors,  lines  could 
bc'Sclectcd  to  match  nearly  oil  the  Wolf-Rayet  lines;  but  the  same 
conld  be  sntd  of  many  other  dark-line  spectra.  In  iooking  for 
point!;  of  correspondence  with  the  Orion  type  of  spectrum,  we 
should  begin  with  the  simpler  ty]>es,  such  as  that  of  rf  Ononis, 
and  work  up  gradually  to  the  complex  types,  such  as  that  of  or 
Cygni.  I'ntil  such  oljservations  iire  obtained,  with  woveleitgths 
accurate  to  four  places,  it  does  not  seem  adrisuljlc  to  hold  that  a 
closer  relation  exists  between  the  Wnlf-Rayet  and  Orion  stars 
than  between  the  Wolf-Rayet  stars  and  the  ncbtda;. 

The  spectrum  of  fi  Lyrte  as  obscrvcil  by  tir,  Hclopo!sky,  Profes- 
sor Vogcl,  Father  Sidgreaves  and  others,  shows  considerable 
resemblance,  in  a  general  way.  to  the  Orion  type;  ami  coinpnr- 
ison  with  the  Wolf-Rayet  spectra  leads  (o  substantially  the  same 
results  as  were  obtained  for  the  Orion  stars. 

In  conclusion.  I  thinlt  we  can  say,  from  the  foregoing  observa- 
tions, that  the  spectra  ol  the  Wolf-Kayet  slai-s  arc  not  closely 
related  to  any  other  known  type.  They  appear  to  have  several 
points  in  common  with  the  ucbnlnr  nnil  Orion  ty[K;  spectra:  but 
the  last  two  appear  to  be  much  morcclusely  related  to  each  other 
than  to  the  Wolf-Rayet  spectra.  It  is  therefore  difficult  to  place 
these  stars  between  the  neon l.x  nnd  Orion  stars.  They  certainly 
do  not  come  attcr  the  Orion  stars,  and  erne  {Iocs  not  like  to  place 
them  before  the  nebula*.  We  can  probably  SAy  that  the  bright 
lines  are  chrf>niospheric,  owing  their  origin  to  very  extensive  and 
highly  heated  atmospheres,  but  showing  very  litile  relation,  in 
constitution  and  physical  condition,  to  thnt  of  our  own  Sun. 
For  the  pre»ent,  nt  least,  this  type  of  spectrum  must  \k  consid- 


*  See  A.  AKD  A.-P.  for  May.  t89i.  pp.  3e.V7. 
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ered  as  distinct  from  every  other  known  type,  just  as  the  nebular 
spectrum  is  distinct,  and  like  the  nebular  spectrum  containing 
lines  whose  origin  cannot  now  be  assigned. 

I  wish  to  acknowledge  having  received  a  great  deal  of  valuable 
assistance  during  the  progress  of  the  observations  from  Profes- 
sor H<»lden,  who  was  always  ready  to  advance  the  work  in  every 
possible  way.  Likewise  the  large  number  of  observations 
secured  in  the  relatively  short  time  devoted  to  the  work  is  due  to 
the  efficient  assistance  received  from  Mr.  H,  D.  Stearns  of  Stan- 
ford University,  Dr.  Mary  Cunningham  of  Swarthmore  College, 
Mr.  S.  D.  Townley  of  Detroit  Observatory,  Secretary  C.  D. 
Perrine  and  Assistant  Astronomer  A.  L.  Colton  of  this  Observ- 
atory. The  last  three  have  each  assisted  on  from  ten  to  twenty 
nights. 

Lick  Observatory,  1894-,  April  18.  i 


ON  the:  spectra  op  "^HE  ORION  NEBULA  AND  THE  ORIOK  STARS. 


JAMES  B.  KEELGR.' 


Notwithstanding  the  attention  that  spectroscopists  have  be- 
stowed on  the  great  nebula  of  Orion,  there  are  still  many  un- 
solved questions  relating  to  this  most  interesting  object  which 
may  be  dealt  with  by  instruments  of  moderate  power.  The 
apparent  simplicity  of  the  spectrum  first  observed  by  Huggins  in 
1864  has  been  shown  by  the  same  eminent  investigator  to  be  due 
merely  to  the  faintness  of  its  light,  the  sjiectrum  revealed  by 
photography  Leiii^  out  o£  cousiderjiblc  coinplesity.     It  is  not  vet 
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to  which  it  can  be  traced  by  visual  observation,  and  that  many 
of  the  brighter  stars  in  the  same  constellation,  even  those  re- 
motely situated,  are  involved  in  its  outlying  streamers.  The 
inference  is  that  the  Orion  stars  occupy  a  place  near  the  begin- 
ning in  the  scale  of  stellar  development,  and  a  study  of  the  spec- 
tra of  these  stars,  and  particularly  of  any  analogies  that  they 
exhibit  with  the  spectrum  of  the  nebula  from  which  they  have 
presumably  been  evolved,  becomes  of  special  importance.  Some 
analogies  of  this  kind  have  been  traced,  but  our  knowledge  in 
this  direction  is  very  fragmentary,  and,  as  I  shall  show,  some 
conclusions  that  have  been  generally  accepted  arecertainly  erron- 
eous. 

For  the  purpose  of  throwing  some  light,  if  possible,  on  the  in- 
teresting questions  briefly  alluded  to  above,  I  photographed  the 
spectrum  of  the  Orion  nebula  many  times  during  the  past  winter 
with  the  spectroscope  and  13-inch  equatorial  of  the  Allegheny 
Observatory,  and  although  the  results  are  far  short  of  what  I 
hoped  to  obtain,  and  are  not  at  all  in  proportion  to  the  consider- 
able amount  of  time  which  has  been  expended  on  them,  some 
facts  of  importance  have  been  clearly  brought  out.  The  slowness 
of  the  work  of  observation  is  mainly  due  to  the  smoky  atmos- 
phere which  surrounds  this  unfortunately  situated  Observatorj*, 
and  whic|i  is  [larticularly  opaque  to  the  photographically  active 
rays.  Nights  on  which  photographic  work  in  tlie  upper  spectrum 
can  be  pursued  to  advantnge  are  of  infrequent  occurrence. 

The  spectro.scope  used  in  these  observations  was  described  in 
the  January  (181)3)  number  of  Astkono-my  anu  Astro-Physics. 
The  arrangement  for  photographing  with  a  single  prism  is  not  il- 
lustrated in  the  plates;  iL  is  the  same  as  the  visual  arrangement, 
except  that  the  camera,  of  sixteen  inches  focus,  is  inserted  in  the 
place  of  the  short  observing  telescope.  In  orc]er  to  increase  the 
stability,  some  light  brass  tubes,  extending  from  the  clamps  in  the 
frame  near  the  slit  tothe  clamps  nciir  the  outer  end  of  the  camera, 
were  added  to  the  instrument.  Tliey  are  like  the  braces  used 
\Yith  the  prism  train,  except  that  they  are  very  much  longer,  artd 
they  are  secured  in  the  same  manner.  By  these  rods  the  stability 
of  the  instrument  was  greatly  increased;  still  the  camera  when 
used  with  a  single  prism  is  in  a  position  unfavorable  to  rigidity, 
and  care  was  therefore  taken  not  to  greatly  change  the  position 
of  the  instrument  during  an  exposure.  By  confining  the  observa- 
tions to  an  hour  angle  of  two  hours  on  each  side  of  the  meridian, 
(and  in  the  case  of  the  Orion  nebula  an  exposure  of  four  hours  was 
possible  without  reversingthe  telescope),  the  effects  of  flexure  were 
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prevented  from  liecoming  sensible.  The  effects  a{  rapid  cliangc*  of 
tempcinturc  were  much  more  nnnoying. 

All  photographs  of  the  spectrum  of  the  nebula  were  made  with 
a  60**  prism  of  white  flint  glass.  Some  photographs  of  star  spec- 
tra were  made  with  a  dense  prism  with  considerably  gi-eater  dis- 
persion, find  on  one  occasion  the  prism  train  was  employed.  The 
spectroscope  hns  in  all  its  essential  features  shown  itself  to  be  en- 
tirely satisfactory,  and  well  adapted  to  the  various  purposes  for 
which  it  is  u*ed.  t'nforiunaiely  the  same  statement  cannot  Iw; 
ntade  with  regard  to  the  telescope.  The  figure  of  the  objective  is 
good,  but  the  glass  is  quite  yellow,  the  crown  lens  in  particular 
being  so  yellow  that  I  cannot  help  thinking  that  it  muse  have 
undergone  a  change  in  color  since  tt  was  made,  some  twenty* 
five  years  ago.  For  most  kinds  of  visual  observatious  this  yel- 
low tint  of  the  objective  is  rather  advantageous  than  otherwise, 
as  it  cuts  down  the  secondary  spectrum,  but  it  is  obviously 
anything  but  an  advantage  in  photographic  work,  The  mount- 
ing of  the  telescope  has  been  brought  up  to  modern  requirements 
as  nearly  as  circumstances  permit,  and  is  quite  satisfactory. 

The  spectrum  of  the  nebula  on  the  photographic  plate  was 
about  an  inch  long  (23  mm.  from  the  chief  nebular  line  to  the 
farthest  line  in  the  nitra-violet) ;  its  breadth  was  varied  to  suit 
the  re<|uircraents  of  observation. 

Tlie  object  of  my  earlier  observations.sonie  of  which  were  made 
in  the  winter  of  1892-93,  was  to  reproduce,  if  possible,  the 
CTniimalous  spectrum  obtained  by  Hoggins  in  1880,  and  to  de- 
termine the  iKtsition  and  extent  of  the  regions  in  which  this  spec- 
trum might  be  found.  In  the  spectrum  photographed  by  Hug- 
gins,  to  which  reference  is  made  above,  no  trace  of  the  hydrogen 
lines  US  nnd  TTf  could  be  found,  although  liy  was  strong,  nnd  a 
large  nnmbcr  of  fine  lines,  apparently  connected  with  the  spectra 
of  the  trapezium  stars,  vycre  visible;  the  stronj;»  line  previously 
photographed,  at  \  .373,  was  nbsent-  In  ISOU  the  spectrum  of 
nearly  tlie  same  region  was  of  the  usual  character,  .\lthough 
this  sudden  termination  of  the  hydrogen  series,  evidently  not  the 
result  of  increasing  faintncss  of  the  lines,  seems  very  remarkable, 
the  extraordinary  fact  discovered  by  Cnmpbell,  that  both  bright 
ar.ddnrk  hydrogen  lines  can  exist  in  the  same  speeCruni  and  In 
the  same  series,  as  well  as  less  striking  anomalies  which  have 
been  remarked  by  other  observers,  show  that  a  priori  reasoning 
on  the  probability  of  such  an  occurrence  must  l>e  used  with  great 
caution.  I  therefore  tried  to  obtain  the  same  result  by  repealing 
the  observations  of  Huggins. 
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In  the  photographs  which  I  took  for  this  purpose,  the  slit  was 
always  placed  in  an  east-and-west  direction,  and  it  was  opened 
to  its  full  length,  so  that  it  extended  entirely  across  all  the 
brighter  part  of  the  nebula.  The  width  was  .005  inch.  With  the 
aid  of  the  finder  of  the  equatorial,  the  center  of  the  slit  was  kept 
in  the  hour  circle  passing  through  the  trapezium,  and  in  a  paral- 
lel of  declination  which  had  been  previously  decided  upon.  The 
declination  was  altered  at  each  exposure,  and  thus  by  successive 
steps  the  whole  of  the  brighter  region  in  the  vicinity  of  the  trape- 
zium was  fairly  well  covered.  On  account  of  bad  weather 
many  of  the  photographs  were  failures,  and  had  to  be  repeated. 

I  expected  that  the  region  in  question,  if  it  fell  upon  the  slit 
during  one  of  these  exposures,  would  reveal  itself  on  the  plate  bj' 
the  presence  of  breaks  or  gaps  in  the  hydrogen  lines  above  Hy 
and  in  the  line  A.  373,  and  from  these  gaps  the  position  of  the 
region  could  be  determined.  No  such  appearances  were,  however, 
to  be  found  on  any  of  the  photographs ;  the  spectra  were  essen- 
tially all  of  one  type,  and  the  diflFerences  which  they  exhibited 
were  only  such  as  would  naturally  seera  to  accompany  the  vary- 
ing brightness  of  the  source.  The  type  referred  to  is  a  spectrum 
in  which  the  hydrogen  lines  are  very  strong,  the  series  toward 
the  violet  falling  off  gradually  to  invisibility;  the  first  and  second 
nebular  lines  of  the  visual  spectrum  are  also  strong,  especially 
with  orthochromatic  plates,  and  the  ultra-violet  line  at  ^  373  is 
distinct,  although,  (with  my  apparatus),  not  nearly  equal  to  the 
lower  hydrogen  lines  in  strength..  These  lines  represent  by  far 
the  greater  part  of  the  radiation  from  the  nebula. 

It  appears  then  from  these  observations,  that  the  area  of  the 
region  in  question  is  very  small,  or  that  the  spectrum  of  the 
nebubi  is  subject  to  rapid  and  considerpble  changes.  There  re- 
mains the  possibility  that  the  abnormal  spectrum  of  1889  was 
an  idios3*ncrasy  of  the  particular  plate  on  which  it  was  obtained 
— an  explanation  which  is  suggested  by  various  puzzling  phenom- 
that  I  have  come  across  in  my  own  experience,  but  one  which  I 
should  be  much  more  ready  to  adopt  if  the  photograph  had  been 
one  of  my  own  making. 

The  jihotographs  made  in  connection  with  this  investigation 
do  not  show  any  remarkable  differences  in  the  spectrum  east  and 
west  of  the  trapezium ;  on  the  preceding  side  the  lines  are 
stronger,  corresponding  to  the  greater  brightness  of  the  nebula 
in  that  region,  and  fainter  lines  appear,  but  the  differences  seem 
to  be  merely  such  as  depend  upon  brightness.  The  variations  in 
the  density  of  the  lines,  found  by  Dr.  Huggins  to  be  due  to  the 
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irregular  brightness  or  mottled  surface  of  the  nebula,  is  not  verr 
noticeable  in  ray  photographs,  probably  because  the  telescope 
was  not  directed  in  right  ascension  with  sufficient  accuracy  by 
m^ansof  the  finder  to  prevent  a  drift  of  the  image;  moreover,  the 
slit-plate  was  in  the  focal  plane  of  the  Hy  line,  and  the  images  of 
the  nebula  corresponding  to  the  other  hydrogen  lines  were  some- 
what out  of  focus. 

One  of  the  objects  of  these  observations  was  to  determine  as 
accurately  as  possible  the  positions  of  the  fainter  nebular  lines, 
which  are  still  subject  to  considerable  uncertainty.*  For  this 
purpose  the  same  arrangement  of  apparatus  was  employed ;  but 
the  slit  was  shortened  to  about  one  millimetre,  and  after  the  ex- 
posure to  the  brightest  part  of  the  nebula,  the  telescope  was 
either  turned  to  the  Moon,  or  allowc-d  to  remain  untouched  until 
morning,  and  the  solar  spectrum  was  then  photographed  with  a 
longer  slit,  the  central  millirnetre  being  covered  by  the  metal 
tongue  described  in  a  previous  account  of  the  Allegheny  spectro- 
scope. The  result  was  two  parallel  solar  spectra  about  a  milli- 
metre wide  and  the  same  distance  apart,  connected  by  the  sharp, 
black  lines  of  the  spectrum  of  the  nebula. 

The  plates  obtained  in  this  way  were  measured  with  a  small 
comparator  by  Zeiss,  which  had  been  exhibited  at  the  Chicago 
Exposition,  and  which  I  purchased  for  the  Observatory.  It  con- 
sists essentially  of  a  strong  stand,  holding  two  fixed  microscopes 
provided  with  eye-piece  micrometers,  and  a  sliding  stage  with  a 
range  of  one  decimeter.  The  photograph  to  be  measured  is 
mounted  on  one  end  of  the  sliding  stage  and  viewed  with  one  of 
the  microscopes ;  the  other  microscope  serves  to  read  the  scale, 
which  is  cut  in  a  strii)  of  silver  let  into  tlie  stajze.     One  revolution 
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Tlic  nebular  line*  were  oljserved  by  tiringing  tliem  between  tht 
wires;  the  solar  lines  b.v  bisectinK  thciii  with  cAch  wire  ia  succcs* 
stoti.  I 

This  instrument  is  well  adapted  to  the  meaaureiiient  o(  snifill 
jihotojrriifilte.  As  compared  with  siicli  a  nicasminj;  instrument 
as  that  used  at  Potsdam,  it  has  the  disadvaiitaife  of  rccjuirttig 
two  settings, — one  with  the  viewing  aud  one  with  the  scale  mi- 
croscope; on  the  f>thtT  hanil  the  pholo^rapb  can  Ih*  mo\-ecl 
rapidly  throtigli  the  lichl  of  the  viewing  microst.'0|je,  and  this 
motion,  in  addition  to  its  convenience,  isof  advantage  for  detect- 
ing faint  lines,  which  would  otherwise  escape  notice. 

Wavc-Ienjilhs  were  dctcrmincil  from  the  photographs  in  the 
following  manner:  one  of  the  plates, on  which  the  solar  spectrum 
was  pfirticularlv  sharp,  wa^  chosen  as  a  standard,  jiiuI  from 
measurements  of  a  large  numl>er  of  solar  lines  between  V  and 
A  370  a  wave-length  curve  was  platted,  on  a  scale  large  enough 
to  bring  out  the  errors  of  nieasiircmtnt.  As  plates  taken  on  dif- 
ferent nigblsand  at  different  Icniixratures  were  generully  made 
with  slightly  diflcrent  adjuutmcnts  of  the  instrument,  their  scales 
did  not  exactly  correspond  with  that  of  the  standanl  plate; 
moreover  the  nebular  lines  were  slightly  displaced  relatively  to 
the  solar  spectra,  owing  priacipatly  to  changes  of  temperature  in 
the  iDtervalltctwccn  the  exposures,  and  to  motion  in  the  line  of 
sight.  Tor  auy  plate,  measures  of  a  considerable  number  of  the 
standard  linen  gave  the  reductions  to  the  scale  of  the  standard 
plaie,  and  (lie  nieasure<l  displacements  of  the  sharpest  hydrogen 
lines  of  the  nebula  gave  the  small  corrections,  nearly  constant 
throughout  tlie  spectrum,  which  were  to  be  applied  to  the  posi- 
ttons  of  the  nebular  lines,  and  in  whicli  were  included  the  eflccts 
of  tlexure,  cliunges  of  temperature,  curvature  of  the  lines,  ami 
motion  in  the  line  of  sight. 

Notwithstanding  the  small  scale  of  the  phologriiphs,  the  wa\'e- 
lengths  could  be  deiermined  in  this  nianTicr  with  eonsi<]erable  ac- 
cural- For  sharply  defined  lines  the  I'esults  of  different  plates 
diflered  by  but  a  small  fraction  of  n  ttnth-metrc;  for  faint  lines 
they  were  greater,  but  the  diflerent  measures  were  generally 
within  one  tenth-metre;  in  some  canes  the  diserepaneics  exceed 
this  limit.  At  the  end  of  the  present  article  I  have  indieuted  the 
manner  in  which  I  think  extreme  accuracy  will  finally  l>e  reached. 

On  account  of  the  unfavorable  conditions  already  rcferreij  to,  it 
was  diflictdt  to  obtain  in  one  evening  a  photogritph  sufficiently 
intense  to  show  the  fainter  nebular  lines,  and  I  therefore  tried  to 
see  bow  far  it  might  be  pot^ible  to  compensate  for  these  disad- 


vnntagL*ous  circumstances  by  cor)lmuing  an  cx|ru^iin:  frum  ni^^lit 
to  nigbt,  in  the  tnainier  that  has  lM.xuiiie  lumiliur  in  ordinary 
stellar  photography.  The  cxpcrinietit  was  not  a  sncccNS.  Scv- 
CTJil  cloudy  niglils  oflt-n  intcrvciirO  between  tlie  exposures,  tJie 
tenipcmturc  iiit'anwhik*  varying  greatly,  and  the  result  w«a  n, 
scries  of  partly  overlapping  im«ges  or  conftttied  lines,  the  intenBity 
of  which  was  not  spcci»Ily  greater  than  that  or  any  single  image, 
while  the  photograph  was  unfit  for  aecurate  itieasureuient.  The 
longeetl  expOBUi*e  given  to  any  plate  was  l^**  45"'  on  lour  diirerenC 
nights  in  Febmao':  the  slit  wns  wide,  and  the  lines  are  strong 
but  very  much  blurred.  One  pIate,cxposed  T*"  on  two  consecutive 
nights  which  happened  to  Ik  of  nearly  tlic  same  tcniiierature,  is 
fairly  good,  but  the  sky  was  quite  ^moky  at  times,  and  a  consid- 
erable part  of  the  exposiire  certainly  counted  for  very  little.  On 
the  former  of  these  occasions  an  orthochromatic  plate  was  UBcd, 
in  the  hope  of  catching  the  D,  line,  or  some  of  the  lines  in  the 
lower  spectrum  describal  by  Taylor,*  but  without  result  in  this 
respect,  although  tlie  chief  nebular  line  is  \'ery  black  and  strong 
and  the  maximum  sensitiveness  of  the  ptntcfnils  at  some  distance 
below  this  point,  at  »bont  midway  between  h  and  D,  It  is  to  be 
noted  that  the  absorptive  action  of  the  atmosphere  and  of  the 
glass  of  the  objective  is  far  less  marked  in  this  region  than  near 
Hj'.  While  the  D,  line  falls  too  near  the  lower  limit  of  sensitive- 
ness to  make  its  non-appearance  worthy  of  remark,  it  would 
seem  that  the  other  lines,  if  they  really  exist,  should  be  seen  in 
this  photograph,  although  it  certainly  is  not  easy  to  estimate 
their  relative  photographic  and  visual  values. 

As  I  have  not  fjeen  able  to  find  any  data  regarding  the  slit- 
widths  used  by  difl'erent  observers,  some  experiments  which  1 
made  in  this  connection  may  not  be  without  interest.  According 
to  the  jirinciples  of  the  nndnlatory  theory,  the  full  illumiimtion  of 
bright  line  is  reached  when  the  slit,  as  seen  from  the  optical  cen- 
tre of  the  collimator,  subtends  the  same  angle  as  one  wave-length 
of  light  at  a  distance  eijual  to  the  (elTcctive)  collimator  aperture. 
With  my  instrumeut  this  slit  width  is  about  .U0U3  inch,  lixpen- 
ment  showed,  however,  that  with  the  same  exposure  the  density 
of  the  photographed  lines  began  to  fall  off  sensibly  when  the  slit- 
width  was  reduced  below  .001  inch,  or  when  it  was  still  three' 
times  the  theoretical  width.  In  these  photographs  the  exposures 
were  comparatively  short  and  and  there  was  no  evidence  of  shift- 
ing of  the  image.    The  discrepancy  is,  1  suppose,  to  l>e  attributed 
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to  the  effect  of  spreading  of  the  photographic  image,  each  particle 
of  silver  being  deposited  partly  by  the  influence  of  neighboring  il- 
luminated particles,  which  are  fewer  in  number  when  the  slit  is 
narrow;  the  physiological  effect  on  the  retina  which  makes  a  line 
appear  brighter  when  the  slit  is  widened  in  visual  observations, 
seems  to  be  analogous  to  this  photographic  action.  The  slit- 
width  which  gave  the  best  results  was  about  .0015  inch. 

In  the  following  table  are  given  the  results  of  my  measure- 
ments. The  estimated  intensities  are  given  for  an  orthochromatic 
plate  obtained  on  January  25,  1894, 100  representing  complete 
opacity  of  the  silver  deposit,  and  1  a  scarcely  visible  trace.  While 
these  numbers  have  no  speuia!  physical  significance,  depending  as 
they  do  upon  the  atmospheric  conditions,  the  absorption  of  the 
instrument,  and  many  other  factors,  they  serve  to  convey  an  idea 
of  the  appearance  of  the  plate,  and  they  illustrate  the  very  great 
differences  in  the  intensities  of  the  lines.  It  is  evident  that  almost 
all  the  light  of  the  nebula  is  derived  from  hy<lrogcn  and  the  sub- 
stance or  substances  yielding  the  two  principal  lines  of  the 
visual  spectrum. 

On  one  of  the  best  negatives  taken  on  February  10, 1894,  the 
ultra-violet  line  at  A  373  is  distinctly  double,  the  upper  component 
being  somewhat  the  stronger.  I  have  been  unable  to  account  for 
this  circumstance,  as  the  other  hydrogen  lines  are  single  and 
sharp,  and  so  are  the  solar  lines  of  the  comparison  spectrum  in  the 
same  region.  On  all  other  photographs  the  line  is  single,  and  I 
have  therefore  ascribed  its  appearance  on  the  negative  of  Febru- 
ary lOto  some  accidental  cause, perhaps  a  shred  on  the  plate.  Ac- 
cording to  my  experience,  faint  details  on  a  single  negative  are 
to  be  regarded  with  some  suspicion,  particularly  if  the  plate  has 
received  insufficient  exposure.  In  the  table  I  have,  however,  given 
the  measures  of  the  two  components  of  this  line  on  the  negative 
referred  to,  as  well  as  the  position  of  the  single  line  from  the 
mean  of  other  negatives.  The  hydrogen  lines  up  to  and  includ- 
ing Hf  have  been  used  in  determining  the  corrections  for  displace- 
ment, and  of  course  their  wave-lengths  have  been  assumed  as 
known;  above  He  they  are  determined  from  the  measurements. 
The  wave-lengths  of  the  two  lowest  nebular  lines  are  also  as- 
sumed, as  the  accuracy  of  my  former  visual  measurements  with 
high  dispersion  much  exceeds  that  of  the  present  photographs. 
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Positions  OP  Lines  in  the  Spectrcm  op  the  Nebula  of  Orjon. 
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Scvoiitl  neliular  line. 

S^oj.i 

100 

Chi«f  iielmtnr  line. 

Tlie  line  at  A  -446  appears  upon  only  one  of  ilie  photograplis. 
which  wuK  taken  with  a  rather  wiile  slit,  and  with  long  expos- 
ure. The  lines  are  confused,  and  unsuitable  for  nicasurenicnt. 
There  is  a  strealciness  in  the  spectrum  at  several  places  in  this 
regtou,  on  the  background  of  continuous  spectrum  from  one  of 
the  trapezium  stars,  which  seems  to  indicate  that  other  lines 
might  be  brought  out  under  more  favorable  conditions. 

On  scvirral  of  the  negatives  made,  in  the  course  of  the  investiga- 
tion first  mentioned,  with  a  rather  wide  slit,  into  which  the  stars 
of  the  trapezium  had  occasionally  wandered,  there  was  a  mottled 
api«arancc  in  the  six-ctrum  just  below  the  Hy  line,  which  I 
fihould  have  attributed  to  photographic  defects  if  it  had  ap- 
]>eare<l  on  n  single  negative;  but  as  it  was  evidently  real,  I 
concluiled  that  it  was  caused  by  the  presence  of  both  darlr  and 
bright  lines,  blended  iiitu  a  confused  image  by  the  wide  slit  and 
imperfect  guiding.  This  seemed  to  be  the  only  satisfactury  ex- 
planation, notwithstanding  the  fact  that  the  trapezium  stare 
have  hitherto  Iwcn  supposed  to  give  spectra  in  which  the  nebular 
lines  are  bright.  Another  plaLe,  taken  with  a  narrow  slit,  (.0015 
in.),  accurately  directed  to  the  brightest  star  in  the  trapezium, 
justified  this  conclusion :  broad  diffuse  dark  lines  were  seen  in  the 
star  spectrum,  some  of  wUtcb  were  traversed  centrally  by  the 
bright  lines  of  the  nebula,  so  that  they  presented  much  the  same 
appearance  as  the  hydrogen  lines  in  the  8]>ectrum  of  y  Cassiopeiie 
or  PIcionc. 
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The  following  table  contains  a  list  of  these  lines.  As  they  are 
very  broad  and  difliise,  their  wave-lengths  could  not  in  general 
be  measured  with  much  accuracy. 

Dark    Lines   in    the    Spectrum    of  the    Trapezidm    Star 

Bond  628. 

Wave-teoKtli.  RemarkB. 

3970  Ha.    Crossed  by  brigbt  Dcbnlar  line. 

4102  B.S. 

4201  Doobtfnl. 

4341  Hy    CrosMd  by  brigbt  nebular  line. 

4369  Suspected. 

4388  Strong  dark  line. 

4471  CrosB^  by  brljiht  nebular  line. 

4542  Strong  dark  line. 

4650 

4685       "     "   " 

4716       "     "   " 

4862  H4.    Crossed  by  bright  nebular  line. 

The  spectra  of  other  stars  in  the  trapezium  were  also  photo- 
graphed, and  while  the  results  were  imperfect,  on  account  of  the 
faintness  of  the  stars,  and  for  other  reasons  mentioned  below, 
they  sufficed  to  show  that  the  spectra  are  all  of  essentially  the 
same  type. 

In  1890  I  had  already  found  dark  hydrogen  lines  in  the  spec- 
trum of  S,  Ononis  {Bond  685)  by  visual  observation  with  the 
Lick  telescope.  Hence  it  seems  to  me  that  Espin's  observation  of 
bright  lines  in  the  spectra  of  S,  and  S,  Ononis,  announced  in  Wol- 
sitigham  Observatory  Circular,  No.  26*,  must  be  a  mistake. 

The  lines  in  the  above  table  are  prominent  lines  in  the  spectra 
of  other  Orion  stars,  and  their  evident  relation  to  the  bright  lines 
of  the  nebular  spectrum  led  me  to  examine  other  stars  in  the 
same  constellation,  with  the  purpose  of  tracing  these  spectral 
analogies  still  farther.  Professor  Scheiner  had  already  pointed 
outf  that  a  line  in  the  nebular  spectrum  measured  by  Copeland 
at  >.  4476  was  probably  identical  in  position  with  a  strong  line 
which  is  characteristic  of  the  Orion  stars,  and  which  according  to 
the  Potsdam  photographs  has  a  wave-length  of  4471.36.  Ac- 
cording to  my  measurements  the  wave-length  of  the  nebular 
line  is  44-71.2,  Campbellt  makes  it  4473  in  the  Nebula  of 
Orion  and  44-72  in  some  other  nebulae.  There  is  no  doubt 
therefore  that  Scheiner  is  right  in  his  conjecture,  and  that  the 
lines  are  identical  in  origin.  But  in  the  case  of  Bond  628,  the 
coincidence  of  these  lines  is  shown  more  beautifully  by  inspection 
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or  one  of  my  photographs  than  by  any  prc^cvss  of  tncasuremcnt. 
The  sharp  nebular  line  fades  away  luwnrtl  the  t>tar  si)«cLrain, 
and  slojrs  just  iK-fore  reaching  it,  ])oiuting  like  un  arrow  exactly 
nt  the  center  of  the  gap  in  the  continuous  sjKctruni. 

In  photographing  star-,si>ectra  with  a  visually  corrected  tele- 
scope, ditliciilties  are  met  with  which  do  not  occur  when  the 
object  is  an  extended  aurface  like  the  nebula  of  Orion.  In  the 
upper  part  of  the  s|Kx-tram  the  focus  changes  rapidly  with  the 
wave-length,  and  only  one  set  of  rays  can  be  accurately  focused 
on  the  slit.  Hence  the  proper  exposure  cait  be  given  to  only-  a 
ver>'  limited  range  of  spectrum,  all  other  parts  being  under-ex- 
posed and  weak.  The  only  remedy  is  to  make  a  number  of  differ- 
ent exposures  witli  the  slit-plate  in  different  positions;  but  this 
piccc-meal  representation  of  the  spectrum  by  a  series  of  negatives 
is  a  very  imperfect  substitute  for  the  single  plate  which  would 
be  obtained  with  a  photographically  corrected  telescope.  Hstt- 
mates  of  the  relative  intensities  of  lines  are  also  seriously  embar- 
rassed. These  remarks  do  not  apply  to  the  lower  part  of  tlie 
sfiectruni  which  can  be  photographed  with  orthochromotic 
plates.  Here  the  case  is  reversed, and  the  visual  telescope  has  the 
same  advantage  that  the  photographic  telescope  has  iu  tlie  blue 
and  violet  regions. 

In  photographing  star-spectra  1  followed  the  same  method  as 
in  the  ease  of  the  nebula,  a  solar  comparison  spectrum  being  pho- 
tographed nn  each  plate.  Both  prisms  were  used  at  dilTerent 
times,  and  the  small  dispersiou  and  other  circumstances  already 
referred  to  gave  rise  to  some  differeuces  in  the  appearance  of  the 
spectra,  as  compared  with  those  obtained  with  higher  dispersion. 
In  llie  main  iliey  are  no  doubt  purely  photographic.  Thus,  with 
a  single  prism  the  various  intensities  of  lines  io  the  spectrum  of 
Rigel  appear  as  differences  in  breadth;  while  with  the  prism  train, 
■which  was  used  on  some  occasions,  the  lines  are  of  tbe  same 
treadth  but  difl'er  in  intensity,  ha^-ing  the  appearance  described 
liy  Professor  Scheiner.*  The  hydrogen  lines  in  the  spectrum  of 
C  Orionis  are,  according  to  Scheiner,  so  diffuse  and  faint  that  they 
are  barely  visible ;  on  my  plates,  taken  with  small  disiM:rsion,  they 
are  very  conspicuous. 

It  was  obviously  a  matter  of  the  greatest  interest  to  determine 
whether  the  chief  nebular  lines  at  A  -l-OoS  and  A  5007  are  reversed 
in  the  spectrum  of  any  of  the  Orion  stars.  On  all  the  plates 
which  were  good  enough  to  be  of  real  value  in  deciding  this  point 
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— uamely,  those  of  fi,  y,  *  and  ;  OriooU,— no  traces  of  dnrk  lines 
at  thL-se  places  could  be  found ;  the  star  spectra  were  coutiuuouB. 

Ou  photographs  of  the  lower  upcctruni  of  Rigel  a  stmtijf  line 
was  shown  just  above  the  V  Hues  of  the  coinparli^on  siK-ctruni. 
The  analogies  with  the  ncbniar  sjxrctrum  already  discovered,  to- 
gether witli  the  fact  that  the  D,  line  has  been  observed  in  the 
spectrum  of  the  Orion  nebula,  led  mc  at  once  to  susjiect  that  this 
line  was  U,,  and  on  account  of  the  interest  that  attaches  to 
crcr>'thinK  connccte<i  with  this  remarkable  line,  I  took  some  pains 
to  measure  its  position  with  all  possible  accuracy,  it  is  true 
there  is  a  general  belief  that  D,  is  never  reversed  in  star-spectra* 
but  our  knowledge  of  the  lower  spectra  of  tlie  stars  is  vei'v  im- 
perfect. I  have  recently  shown  that  there  is  reason  to  suppose 
that  D,  is  dark,  as  well  as  bright,  in  the  compound  spectrum 
of  fi  Lyrw.f 

The  method  of  determining  wnve-Ieilgths  hitlierto  employed 
was  innirpHcablc  in  this  case,  for  the  lower  spectrum  of  Rigel  is 
almost  blank, and  when  the  D  lines  were  brought  to  the  centre  of 
the  tieltl,  and  the  instrument  was  specially  adjusted  for  this 
part  of  the  sfiectrum,  only  the  I^  line  was  common  to  both 
spectra,  the  other  hydrogen  lines  Iteing  off  the  plntc,  hence  the  rel- 
ative displacement  of  the  s[>ectra  could  not  be  determined  with 
sul^eicnt  exactness.  The  lines  of  sodium  were  therefore  photo- 
grflphed  ou  the  plate  as  a  comparison  spectrum,  and  in  reducing 
the  mcftsurcs,  allowance  was  made  fCK-  the  effect  <ji'  motion  in  the 
line  of  sight.  1  also  made  some  visual  measures  with  the  single 
dense  prism  and  with  the  j>rism  train,  an<l  finally  j>hotngritphctl 
the  spectrum  with  the  prism  train,  with  thest)dium  lines  for  com- 
parison. With  this  last  arrangement  the  stability  of  the  instru- 
ment is  very  great,  as  1  think  is  apparent  from  the  construction 
as  shown  on  plate  VII  in  No.  Ill  of  this  journal.  It  is  shown  by 
the  great  shurpncss  of  the  lines  in  the  lower  spectrum  of  a  st^r 
like  Arclums  when  photographed  with  the  same  arrangement, 
and  I  have  tested  it  directly  by  experiments  with  the  solar  spec- 
trum, showing  thai  the  displacement  caused  by  twke  the  maxi- 
mum ilcjcure  is  all  but  invisible  under  the  microscope.  The  scale 
of  the  photographs  is  a  little  greater  than  that  of  the  Potsdam 
photographs  in  the  same  part  of  the  spectrum.  The  distance  be- 
tw«ct»  tkc  U  lines  is  0.153mm. 

An  excellent  photograph  was  obtained  with  this  arrangement 
on  tlie  evening  of  March  23.      The  exposure  was  l*"  30™  with  a 
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sKt-width  of  .001  inch.  A  feeble  sodium  flame  was  held  in  front 
of  the  ttlit  for  li  minuteo  before  the  esposure  and  again  for  3  min- 
utes after  the  exposure  was  completed.  Both  the  star  and  the 
sodium  lines  were  sharp,  and  suitable  for  exact  measurement. 
The  reduction  was  effected  wttU  the  aid  of  a  solar  spectrum  taken 
on  the  following  morning. 

In  allowing  for  the  effect  of  motion  in  the  line  of  sight,  T  have 
tjsed  the  motion  of  the  star  rclativelyto  the  Sun  as  determined  by 
the  Potsdam  obserrers.  The  total  motion  to  be  allowed  for  is 
then  as  follows: 

Eartli's  orijital  motion +  1G>11  miles. 

Olurnnl  rotntion  (houraii};l« -I- 3') ».l..    4-    0.16      " 

Motion  rtlatir*  to  Sun  ( Vo]?iH) +  10.14      " 

+  25.11      " 

This  velocity  corresponds  at  D,  to  a  displacement  of  0.80  tenth- 
metres  toward  the  red.  The  apparent  wavp-length  of  the  star- 
line,  from  the  measurements,  was  5876.78;  hence  the  true  wave- 
length is  5875.98. 

The  results  of  the  different  measures  are  given  Ijclow: 

March  16, 1894.  Siug1«  prism,  vtsnnl  o)>5«rvaLions;  weiglit  1 i  5975.9 

Mnrcb  30,      "  Single  prisni,  plKitograph;  weight  3 6875.8 

March  21,      "  Single  prism,  phoiograpli:  weight  2 6876.4> 

March  23.      "  Pritm-trnin,  nsitiil  oh«rrvati(ins:  weight  10 G8T3.f)8 

March  26,      "  Prism-lraiti.  vMual  oSscrvulJons;  wcixhr  2 ,,      5ST6.1 

Mean  by  wci){l>tfi 6876,U2 

The  asi^ijifnmeiit  of  wctglits  is  somewhat  arbitrary.  There  is 
no  doubt,  however,  that  the  detcnniiiation  with  tho  prism  train 
greatly  exceeds  tlic  utlicra  in  accuraiy,  and  with  tliis  fact  taken 
into  account,  any  other  system  of  weights  givL-s  practically  the 
same  result. 

Aivorilinj*  to  Rowland,  the  wave-lengihof  theD,  lincis  5875.98; 
hence  I  think  there  can  l>e  no  doubt  that  the  dark  Hue  in  the  S|>cc- 
trnm  of  Ri^el  is  actually  D,. 

Some  other  lines  below  I\  were  seen  in  the  visnal  ol)ser  vat  ions, 
and  appear  on  the  photographs;  they  are  much  fainter  than  D,. 
I  believe  that  the  Xt  lines  of  sodium  are  present,  but  very  faint, 
although  I  am  not  certain  on  this  point;  in  my  best  photographs 
they  are  obscured  by  the  intense  lines  of  the  artificial  sodium 
spectnim.  As  no  list  of  lines  in  the  lower  spectrum  of  Kigcl  has 
been  published,  J  ,give  below  the  results  of  niy  photo^nphic 
measures.    The  wave-lengths  are  generally  subject  to  some  unccr- 
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tainty,  and  the  relative  strengths  given  for  the  lines  have  little 
meaning,  for  reasons  which  have  already  been  stated.  Above  Uy 
I  have  not  thought  it  worth  while  to  give  any  measures,  as  this 
region  has  been  covered  by  the  Potsdam  observations,  the  accu- 
racy of  which  is  much  greater  than  that  of  mine.  In  the  ftiture  I 
hope  to  amend  the  results  in  the  table  by  repeating  the  observa- 
tions with  the  prism  train. 


Lines  in  the  Lower  Spectki-m  oi"  Rigel. 


WnvL'-IengtIi, 


Remarks. 


Wnvc-lcnRth. 


Remarks. 


+3+1  H^.    Very  strong.     Xcb. 

+352  Xvrv  woak. 

+3H9  Ni:b.     Fnirlv  fltroug. 

4+lH  Vvry  weak.' 

++2~i  Veiv  wvak. 

++30  Wt-nk. 

+++H  Weak. 

till  MkI    S^'-""«<-'1"n'l>air 

4509  Vcrv  wtak. 

+548  Wtak. 

4583  Wc«k. 

+71+  N>I).    StrotiL'. 

4S01  H/5.    Neb.     Very  strong. 


+92+  Fairly  strong. 

SiiKJ  Slroiig. 

50;i3  Vcrv  weak. 

norifi  Weak. 

.'jlfW  Fe?    Fairlv  strong. 

".316  Weak. 

5+54  Weak. 

GS7<;  D.,.    Neb.    Vcrv  strong. 

5syi»?  I).l     e  ^  J 

.WJfi?  d;(    •'^"''l'«-'t«:d- 

51K)2  Weak. 

5925  Weak. 

5959?  Suajteeted;  weak. 


In  this  table  lines  coinciding  in  position  with  the  bright  lines  of 
the  nebula  are  marked  "neb."  A  line  at  A  4389  does  not  appear 
in  my  photographs  of  the  spectrum  of  the  nebula,  but  a  line  in 
this  position  has  been  photographed  by  Campbell.*  The  strong 
Hoe  A  4481  is  also  strong  in  the  spectrum  of  Sirius.  Scheiner, 
who  makes  its  wave-length  4481.4,  identifies  it  with  the  solar 
line  4481.41,  and  regards  it  as  probably  due  to  magnesium.  No 
traces  of  the  characteristic  magnesium  group  6  are  however  to  be 
found  on  my  photographs.  The  only  line  in  the  region  is  nearly 
coincident  with  /j,;  it  is  perhaps  the  iron  line  A  5167.69,  which  is 
relatively  stronger  in  the  arc  specrum  than  in  the  Sun;  but  I  am 
inclined  to  doubt  whether  any  of  the  lines  in  the  spectrum  of 
Rigel  are  due  to  iron. 

The  relationship  between  the  bright  nebular  lines  and  dark  lines 
in  the  spectra  of  the  Orion  stars  is  more  apparent  when  the  spec- 
tra are  exhibited  in  a  drawing,  with  proper  attention  given  to  the 
relative  intensities  of  the  lines,  than  it  is  when  the  comparison  is 
made  by  means  of  tables.  I  shall  however  content  myself  with  a 
review  of  the  nebular  lines,  pointing  out  for  each  line  the  coinci- 
dences with  dark'lines,  as  determined  from  the  photographs. 

"  ASTROSOMV  AND  AsTKO-PlIYSICS,  Oct.  1893,  p.  723. 
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CoucARtsoK   OF  Nhbl'lah   Linbs  witu   Dakk    Lines  in    Tiin 
Spkctka  of  the  Okiun  Stars. 

il  3726.5.  This  is  tltc  most  refraagiblc  line  that  flppennf  on  my 
photographs,  iind  at  the  snme  time  it  is  n  strong  one.  Observers 
whose  instniinents  are  sitcciallv;  free  from  selective  absorption  in 
the  violet  have  described  it  as  the  strongest  line  in  the  photo- 
graphic spcetnim-  The  same  line  is  found  in  planetary  nebulae. 
It  would  be  of  great  interest  to  determine  wbctlier  there  is  a  cor- 
responding dark  absorption  line  in  the  star  spectra ;  but  unfortu- 
nately the  diffictiliies  of  photographing  at  so  short  a  wave-length 
with  a  a  visufil  telescope  a.re  very  great,  and  I  have  not  succeeded 
]n  obtaining  any  negatives  that  arc  good  enough  to  decide  this 
point,  nor  have  I  found  any  published  record  of  measurements  in 
this  part  of  the  spectrum  of  Orion  stars. 

^3800,  HS  (3798.1).  In  the  nebular  spectrum  the  hydrogen 
series  fades  olT  gradually  toward  the  violet,  and  no  doubt  still 
higher  members  would  appear  with  longer  exposures  under  more 
favorable  circumstances.  As  the  hydrogen  lines  are  found  in 
prnetically  all  star  spectra,  their  presence  in  the  Orion  stars  has 
no  special  signilicancc  in  this  connection.  No  mention  will 
therefore  be  made  of  the  remaining  hydrogen  lines. 

\  SSl*.  (?).  This  is  a  very  faint  line  on  one  of  my  photo- 
graphs, and  it  may  be  accidental.  If  real,  it  is  probably  irlentica! 
with  Pickering's  "  Orion  line'*  A  382. 

A.  38(tS.'j.  A  strong  line  forming  an  equal  pair  with  HC.  It  i& 
above  the  limit  of  my  star  photogiaphs. 

A  4026.  A  strong  isolated  dark  line  is  found  at  this  place  in  fhe 
spectrum  nf  Rigel  (A.  4020.0,  Schciner).  The  same  line  is  vcn,- 
strong  and  broad  in  C  Orionis,  and  strong  in  t  Orionis.  no  other 
strong  lines  being  in  the  vicinity  in  cither  case.  It  is  also  strong 
in  ;'  Orionis,  the  nearest  line  at  all  approaching  it  in  intensity 
being  17  tenth-metres  aljove. 

14060.  This  nebular  line  is  represented  by  a  fairly  strong 
dark  line  in  '  Orionis,  many  weaker  lines  being  in  the  vicin- 
ity. It  is  strong  and  diftuse  in  f  Orionis,  weak  in  y  Orionis,  al- 
though stronger  than  neighboring  lines;  in  Rigel  it  does  not 
appear  on  my  photographs,  and  it  is  not  in  Scheiner's  catulogne 
of  lines  in  the  upi>cr  spectrum  of  this  star. 

314.130.    Professor  Lockyer*  has  pliotograpbed  a  number  of 
presumably  very  faint  lines  in  the  spectmm  of  the  Orion  nebula^ 

"  Phfl.  Trant..  Vol.  184* 
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having  the  wave-lengths  4045,  4130,  4142,  4155,  4167,  4188, 
4200,  4268,  4690,  4735.  With  the  exception  of  \  4142,  these 
lines  do  not  seem  to  be  uniformly  represented  in  the  spectra  of 
the  Orion  stars,  unless  the  lines  are  too  weak  to  apiiear  on  my 
photographs.  There  is  a  fairly  strong  line  in  X  Orionis  at  \ 
4143.5,  and  a  broad  weak  line  a't  A  4187.  A  4200  (4201,  4201.5) 
seems  to  run  through  the  series  with  the  exception  of  Rigel.  A. 
4131.0  is  strong  in  the  spectrum  of  Rigel,  but  I  do  not  find  it  in 
other  stars.  The  remaining  lines  are  represented  in  some  doubt- 
ful cases.  For  this  reason  and  on  account  of  their  faintness  they 
are  not  considered  separately. 

A,  4365.  This  is  represented  by  a  diffuse  line  in  the  spectrum  of 
e  Orionis,  and  probably  bj-  a  line  in  the  brightest  trapezium  star, 
although  the  measured  wave-length  (4369)  of  the  latter  is  not  in 
very  good  agreement.    I  do  not  find  it  in  ft,  I  and  y  Orionis. 

A  4390.  Professor  Campbell  has  photographed  a  line  at  this 
place  which  does  not  appear  on  my  plates.  It  corresponds  with 
strong  absorption  lines  in  (i,  e,  C  and  y  Orionis;  in  y  \t  is  particu- 
larly strong  and  sharp.  There  is  also  a  strong  absorption  line  at 
this  place  in  Bond  628.  The  wave-length  given  above  is  some- 
what too  great,  according  to  my  measures  of  the  stellar  lines;  in 
Rigel,  Scheiner  makes  it  4388.5. 

A  4471.2,  (4471.36).  This  corresponds  with  one  of  the  charac- 
teristic Orion  lines,  and  its  exact  coincidence  with  the  dark  star- 
line  in  the  case  of  Bond  628  has  already  been  mentioned.  It  is  a 
strong  line  in  all  the  Orion  stars  I  have  examined. 

\  466  ±,  (4601,  Campbell).  The  nebular  line,  on  the  only  plate 
of  mine  on  which  it  apiiears,  is  too  faint  and  blurred  for  measure- 
ment. I  do  not  find  star-Hnes  at  this  place,  but  there  is  a  very 
strong  line  at  A.  4650  in  e  and  Z  Orionis  and  Bond  628. 

A  4716.  A  prominent  line  at  this  place  seems  to  run  through 
all  the  Orion  stars.  It  is  represented  in  (i,  y,  tf,  *,  ;  Orionis  and 
Bond  628. 

A  4959.02,  A  5007.05.  The  two  principal  lines  of  the  visual 
spectrum  arc  not  represented  by  absorption  lines  in  any  of  the 
stars. 

A  5875.98  The  I).,  line  is  dark  in  the  spectrum  of  Rigel.  I  have 
not  yet  been  able  to  ascertain  whether  it  is  present  in  other  Orion 
stars. 

The  comparisons  which  have  been  made  above  demonstrate  the 
intimacy  of  the  relation  which  exists  betwen  the  Orion  nebula 
and  the  neighboring  stars;  indeed,  taking  into  account  the  rela- 
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tivc  intensities  of  thelines,  the  spectrum  of  Kigcl  may  almost  lie  re- 
garded us  the  ucbutar  spcdruin  revci-sed.  i£vcn  D,  ts  represented 
by  nn  absorption  line,  but  an  exccpiJon  must  be  made  of  die  two 
chief  lines  in  the  visual  spectrum,  which  do  not  seem  to  be  re- 
versed under  uny  circumstiinc-es.  It  is  not  imprubnblc  thnt  otiier 
nebular  lines  will  lje  found  at  placcflcorrespondiag  tn  strong  tines 
in  other  Orion  stars,  as  for  instance  at  A  -l-tijO. 

ProfesBor  Lockyer  has  given  a  table  of  linen  coitmion  to  the 
Orion  nebula  ^ud  n  Andronictlft.  but  it  seems  to  me  that  such 
identilicationt).  in  the  ca»tc  of  a  star  tike  "  Andromeda;.  \vho»e 
spectrum  is  liill  of  fine  lines  of  nearly  equal  intensity,  and  with 
auccrluiuties  of  at  least  one  tenth-metre  in  the  jMisitionH  of  most 
of  the  nebular  lines,  are  little  better  tlinn  guesswork  In  tbc 
case  of  the  Orion  stars  the  conditions  are  very  diJTcrcnt.  The 
spcctrn  are  nearly  blank,  and  the  lines  corresponding  with  the 
nebular  lines  are  in  general  isolated  and  conspicutius;  an  error  of 
one  tenth  nietiT  can  hardly  lead  to  an  erroneous  conclusion. 

As  to  the  chettiical  signilicance  of  these  lines,  it  seems  t»  me 
that  at  prrseni  liiUe  can  be  said,  for  with  a  few  exceptions  their 
wave-lciiglhs  have  not  yet  l>ecij  deier.'iiined  wiih  the  necessary 
accuracy.  The  exact  wave-lengths  can  however  be  ascerlained  by 
means  of  the  Orion  stars.  Although  in  these  stars  tlie  known 
lines  capable  of  serving  as  reference  points  are  le^v  in  number, 
raeasuremnits  of  considerable  precisiun  can  be  made  with  tbeir 
aid,  as  in  the  case  of  Rigel  at  the  T'otsdam  Observatory;  with 
the  positions  obtained  in  this  way  the  lines  can  be  certainly  itleu- 
tified  in  Uie  spectra  of  stars  which  also  contain  a  large  number 
of  solar  lines,  and  in  the^e  s|)ectra  the  lines  in  question  can  be 
measured  with  the  requisite  precision. 

Some  of  the  observations  which  I  hove  described  have  nn  im- 
portant bearing  on  theories  of  stellar  developmeni.  It  has  l)een 
shown  that  contrary  to  the  belief  which  has  been  held  up  to 
the  present  time,  the  trapezium  stars  have  spectra  marked 
by  strong  nbso|ttion  bunds;  they  have  not  the  direct  connec- 
tion with  the  nebula  thnt  would  be  indicated  by  a  bright  Hue 
spectrum,  but  are  in  fact  on  precisely  the  same  footing  (spectro- 
scopiently)  as  other  stars  in  the  constellation  of  Orion.  While 
their  relation  to  the  nebula  is  more  eertiiin  than  ever,  they  can 
no  longer  be  regarded  as  necessarily  situated  ia  the  nebula,  but 
within  indefinite  limits  they  may  be  placed  anywhere  in  the  line 
ol  sight.  It  should  be  noted  thnt  the  broadness  of  the  absorp- 
tion lines  precludes  the  supposition  that  the  aI)sorptton  is  due 
merely  to  the  nebula,  the  stars  being  situated  on  the  opposite 
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side  from  the  earth.  In  that  case  the  dark  lines  would  or  would 
not  appear,  according  to  the  preponderance  of  the  stellar  or 
nebular  radiations  as  seen  from  the  earth,  but  in  any  case  they 
could  not  exceed  the  nebular  lines  in  width;  hence  the  absorp- 
tion has  its  origin  in  the  atmosphere  of  the  star  itself. 

It  might  be  supposed  that  the  star  lines  are  doubly  reversed,  as 
in  Pleione.in  which  case  the  bright  lines  would  not  be  seen,  on  ac- 
count of  the  nebular  lines  superposed  on  them.  A  brightening  of 
the  nebular  lines  would  however  result,  which  is  not  found  on  the 
photographs;  moreover  no  central  brightening  is  seen  in  those 
dark  lines  which  are  not  traversed  by  tne  lines  of  the  nebula. 
The  supposed  condition  is  not  in  itself  very  probable. 

With  regard  to  the  appearances  that  have  led  to  the  belief  that 
the  nebular  lines  are  bright  in  the  spectra  of  these  stars,  I 
beUeve  that  they  are  of  physiological  and  photographic  origin. 
To  me,  as  well  as  to  other  observers,  the  nebular  lines  (including 
Hy)  have  always  appeared  brighter  where  they  were  crossed  by 
the  star  spectra,  but  this  appearance  is  certainly  an  illusion,  for 
the  star  line  at  Hy  is  dark,  although  so  broad  and  diflfuse  that  it 
would  easily  escape  detection  by  visual  means.  Possibly  it  is 
this  unnoticed  darkening  of  the  background  that  causes  the 
nebular  line  in  its  center  to  look  unusually  bright,  while  the 
spreading  of  the  photographic  action  from  the  star  spectrum  out- 
ward alon^  the  nebular  lines,  may  be  the  cause  of  the  similar  ap- 
pearance that  has  been  observed  on  photographs. 

Finally  I  may  observe  that  the  discovery  of  the  true  nature  of 
the  spectra  of  these  stars  removes  a  certain  difficulty  that  existed 
in  connecting  the  Orion  nebula  with  the  system  of  stellar  evolu- 
tion. According  to  Professor  Pickering*  the  spectra  of  ninety- 
nine  one-hundreths  of  the  stars  can  be  imitated  by  combining 
in  different  proportions  four  sets  of  Hnes,  one  set  being  the 
characteristic  lines  of  the  bright  stars  in  Orion.  Hence  the 
Orion  stars  are  in  the  direct  line  of  promotion.  But  the  spec- 
trum formerly  ascribed  to  the  stars  of  the  trapezium  differed  from 
that  of  bright-line  stars  of  the  usual  type,  and  seemed  to  indicate 
that  the  first  stage  of  condensation  was  not  the  same  as  in  other 
gaseous  nebulee.  This  difficulty  is  therefore  removed.  The  first 
step  in  the  formation  of  the  Orion  stars  may  be  a  bright-line  star 
of  a  type  already  known ;  it  has  however  not  be«n  observed. 


•  Astronomy  and  Astro-Physics,  October  1893,  p.  719. 
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Thh  Planktahv  Nedi!i,a,  ST>M.—  12%  U72. 

This  rtcbuls  was  discovered  by  Mrs.  Kleming  on  thv  Han-ard 
Collcpe  Obscrvntory  pfales  by  means  of  its  efiectruni  of  brig'ht 
lines,  and  atU-ntion  was  calleil  to  the  fact  that  its  H,i  hvdrofren 
line  is  unusually  bri;^Ut.1' 

It  is  a  beautiful  object  as  seen  in  the  3(>-inch  telescope,  confiist- 
in^  of  a  9tli  magnitude  star  surrounded  by  a  circular  disc  of  blue 
light  nearly  15"  in  diameter.  In  the  spectroscope,  with  open 
slit,  the  wc!l-l<nown  nebular  lines  at  wovc-lengths  5007,  4-950 
and  4861  are  seen  as  circular  discs,  of  which  the  last  is  considera- 
bly the  largest  in  diameter.  The  diameters  of  the  three  discs 
were  measured  with  the  micrometer,  on  Nov.  2,  1893,  and  found 
to  lie  about  11",  9"  and  14"  respectively.  The  relative  intensi- 
ties of  the  light  in  the  three  discs  were  estimated  at  10 :  3 :  7.  A. 
wedge  photometer  of  increasing  darkness  was  moved  over  the 
eye-piece  at  right  angles  to  the  Hue  joining  the  three  discs ;  and 
the  fact  that  the  disc  at  4861  disappeared  Ix-forc  the  disc  at  5007 
did,  proves  tliat  the  latter  is  the  brighter.  All  of  the  discs  are 
brightest  at  the  centers  and  fade  away  gradnnlly  as  the  edges 
are  U|)proachcd,  as  would  be  ex|K-ctefl ;  but  the  hydrogen  disc 
48til  is  of  much  more  nnirorm  brightness  throughout  than  the 
other  two. 

The  relative  diameters  and  intensities  of  these  discs  arc  very 
im[K>rtant,  in  that  they  make  it  almost  certain  that  the  incan- 
descent hydrogen  which  furnishes  the  disc  48(il  forms  the  outer 
shell  or  layer  of  this  nebula,  and  that  the  unknown  gases  which 
fnmish  the  discs o007  and  495U  must  for  the  most  part  Me  within 
the  hyiirt)gen  exterior. 

It  should  he  jKiinted  out  that  this  nebula  is  very  near  the  neb- 
ulous regions!  of  Orion.  The  hydrogen  liiies  are  relatively  very 
strong  in  the  Orion  aehula  spectrum,  also,  and  a  possible  com- 
mon origin  of  the  two  objects  is  suggested. 

The  other  hydrogen  lines  H.r,  H"?  and  Htr  are  visible  in  this 
spectnnn,  but  th^  last  two  are  very  dtflicult.  No  other  lines  were 
seen  with  certainty,  and  no  photographs  were  secured.  No 
bright  lines  were  seen  in  the  stellar  spectrum. 

'  Communicnted  br  ibe  antltor.    [Cotititiucd  Crom  juigt  3&S.] 
t  Attroaomitche  NacbrKbten,  So.  3u4<J. 
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The  Planetary  Nebula  in  Draco.  G.  C.  4373. 

Great  interest  attaches  to  this  object,  both  from  its  remarkable 
form,*  and  from  the  fact  that  this  was  the  first  nebula  to  be  stud- 
ied spectroscopically,  by  Dr.  Hugginst  in  August,  1864. 

I  obtained  visual  observations  of  its  spectrum  in  Sept.  and  Oct., 
1893.  In  addition  to  the  three  well-known  lines,  I  was  able  to 
observe  six  other  bright  lines  at  Ha,  D„  A  5750,  \  4688,  A.  4472, 
and  Hy,  of  which  all  but  the  last  one  are  difficult.  The  "  traces 
of  lines  at  527,  518,  509  and  479"  observed  by  VogelJ  were  not 
visible  to  me.  H«  is  extremely  faint.  D,  and  A.  575  were  observ- 
able only  when  the  bright  central  star  was  just  outside  the  wide 
slit,  and  were  not  visible  at  all  when  the  star  spectrum  was  in 
view.  Those  bright  lines  are  due,  therefore,  to  the  nebula  proper, 
as  indeed  are  all  the  lines  observed,  and  there  is  no  evidence  to 
show  that  they  exist  at  all  in  the  central  star.  When  the  spec- 
trum is  observed  with  an  open  slit,  there  are  three  well-defined, 
bright,  monochromatic  images  of  the  nebula  formed  at  A  501, 
X  496,  X  486.  The  continuous  spectrum  of  the  star  crosses  these 
images,  but  no  brightenings  are  visible  at  their  centres,  as  would 
be  the  case  if  the  nebular  lines  were  present  in  the  star. 

Further,  when  the  slit  is  made  extremely  narrow,  the  middle  of 
each  narrow  nebular  line  is  only  very  slightly  brighter  when  the 
star  is  in  the  slit  than  when  it  is  just  outside.  When  the  slit  is 
wide  and  the  star  is  just  outside  the  slit  the  continuous  spectrum 
of  the  nebula  is  very  easily  seen. 

The  estimated  relative  intensities  of  the  principal  bright  lines 
are  10:3:2. 

Two  photographs  were  obtained, in  May  and  September,  1893. 
A  list  of  the  bright  lines  observed  is  as  follows,  the  first  three 
having  been  obtained  visually. 

Table  IV, — Bright  Lines  Observed  in  G.  C.  4373. 


fiS6o 

lltT,  extremely  fiiint. 

5«79 

1).;,  very  fiiint. 

S7S0 

Vvry  laiiU. 

5007 

5007 

1st  iK-liulfir  line,  very  lirijjlit. 

4959 

4959 

2ri  ntbiilar  line,  very  brif;lit. 

486 1 

4S<.i 

Wfi,  very  bright. 

47"' 

Very  ftiint. 

46SS 

Faint. 

464 

Verv  taint. 

4472 

4472 

Brig  111. 

•  I>escrilwtl  by  Professors  Iloldcii  and  Scliacbcrlc  in  A/on.  Not.  Rov.  Ast.  Soc. 
vol.  iH,  pp.  3H«-itl. 

i  Philosophical  Transactions,  1S64.  p.  +3S. 
J  Astroiiomische  Sachricbten,  vol.  7H,  p.  2+(i. 
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Spectra  of  the  Orion  aad  Other  Nebulm. 


4363 

4363 

4341 

4341 

4102 

4102 

4067 

4067 

4026 

4026 

3969 

3888 

3867 

Faint. 

Hy,  \cry  briglit. 

Bil,  very  bright. 

Bright. 

Bright. 

He,  verv  bright. 

H;,  bright. 

Bright. 

Eleven  of  these  bright  lines  appear  not  to  have  been  observed 
by  others.  The  lines  at  A.  5007,  \  4959,  \  4861  are  those  first  ob- 
served by  Huggins  in  1864.  Yon  Gothard*  photographed  Hues 
at  434,  410,  3965,  3865,  373,  in  October,  1892. 

The  Planetary  Nebula,  G.  C.  4390,  (26). 

This  interesting  nebula  is  nearly  elliptical  in  outline,  and  near 
its  centre  the  nebulosity  is  exceedingly  condensed.  With  low 
powers  this  condensation  appears  considerably  like  a  star,  bnt 
high  powers  disperse  it  and  leave  only  averyfaint  stellar  nucleus. 

Its  spectrum  has  been  investigated  as  thoroughly  as  the  Lick 
apparatus  would  permit,  though  the  chromatic  aberration  of  the 
36-inch  lenses  prevented  me  from  carrying  the  work  far  into  the 
ultra-violet.  The  visual  observations  were  made  mostly  in  Sep-r 
tember  and  October,  1893,  and  the  photographic  in  September 
and  October,  1892,  and  in  June  and  July,  1893. 

Visually,  I  was  able  to  observe  the  lines  Hor,  D,,  575,  541,  518, 
601,  496,  H/3,  471,  469,  464,  447,  436,  Uy,  HJ;  or  fifteen  in  all. 
Lists  of  the  lines  shown  on  five  negatives  are  given  in  the  follow- 
ing columns,  beginning  with  A.5007.  All  the  lines  preceding 
A.  5007  were  measured  visually.  The  relative  intensities  of  the 
three  principal  lines  are  about  as  5 : 2 : 1. 
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4574 

Faint. 

4473 

4473 

4473 

4473 

4473 

Very  bright. 

4390 

4390 

4390 

4390 

Faint. 

4365 

4364 

4364 

4364 

4363 

Bright. 

4341 

4341 

4341 

4341 

434 « 
4265 

4145 
4122 

Hy,  very  bright. 
Very  faint. 

11        11 

4102 

4102 

4102 
4067 
4026 

H5,  v«y  bright. 

Very  faint, 
t.        It 

3969 

3969 
3889 
386S 

He,  bright. 
HC,  faint. 
Bright. 

Of  these  twenty-nine  bright  lines,  eighteen  at  least  appear  to  be 
new.  The  lines  at  A  5007.  A  4959,  X  4861  were  among  the  first 
nebular  lines  discovered  by  Dr.  Huggins,  in  1864.  Professor 
Yogel  observed  the  line  A.  518  in  1871.  Dr.  Keeler,  in  1890, 
detected  other  bright  lines  Ha,  D„  Hy,  and  three  others  placed  by 
eye-estimates  at  about  A.  5680,  A  6400  and  i  4450.  It  is  probable 
that  the  last  three  are  identical  with  the  lines  observed  by  me  at 
575,  541  and  447. 

The  line  D,  is  sufficiently  bright  for  its  form  to  be  observed. 
When  it  is  in  focus,  it  does  not  reduce  to  a  point :  it  extends  out  a 
perceptible  distance  from  the  continuous  spectrum  of  the  nucleus ; 
and,  as  is  the  case  with  the  principal  visual  Knes,  belongs  to  the 
nebula  proper.  The  continuous  spectrum  is  quite  strong;  but 
how  much  of  it  is  due  to  the  nebula  and  how  much  to  the  stellar 
nucleus  cannot  be  said,  as  they  are  superposed. 

It  is  nearly  certain  that  a  very  faint  line  exists  in  this  nebula  at 
-I  4924. 

The  Ring  Nebula  in  Lyra,  G.  C.  4447. 

In  addition  to  the  three  well-known  bright  lines  at  A. 501,  A. 496, 
A  486  already  observed  in  this  nebula,  there  is  a  fourth  bright  line 
at  A  469.  The  fourth  Hne  is  relatively  as  bright  in  this  nebula  asit 
is  in  N.  G.  C.  7027  and  G.  C.  4964,  and  these  three  spectra  are 
probably  essentially  identical.  The  relative  visual  intensities  of 
the  four  lines  in  the  ring  nebula  were  estimated  at 

10(+):3:1(-):J^. 

The  third  line  HjS  appears  to  be  relatively  fainter  than  in  the 
other  nebulae. 

The  continuous  spectrum  is  visible  from  A  55  to  A. 46.  The  spec- 
trum of  the  central  star  could  not  be  seen.  No  photographs  were 
secured. 


P   III  nil   I 


^f^mFvm^mmfm^mm&^im 


498 


Spectra  of  the  Orion  and  Other  Ncbuis. 


%  . 


Von  Gotfaard,  in  September  1892,  photographed  lines  at  434, 
411,  3965,  3865,  373,  none  of  which  had  been  previously  ob- 
served. 

The  Planetary  Nebula,  N.  G.  C.  7027.  . 

This  object  contains  two  nuclei  of  nebulous  matter,  in  whiclf 
thereare  apparentlyno  stars.  One  of  thenuclei  is  especially  bright 
and  condensed.  In  the  spectrum  of  the  principal  nucleus  I  vraa 
able  to  observe,  visually,  the  bright  lines  Ha,  D„  575,  541,  531, 
518,  501,  496,  H/3,  474,  472,  469,  463.  Ky,  Hrf.  The  condenaed 
parts  of  the  nebula  give  a  fairly  bright  continuous  spectrum.  The 
relative  intensities  of  the  four  principal  lines,  5007,  4959,  4861, 
4688,  were  estimated  at 

10  ;  3  : 1 :  ^. 

I  have  not  been  able  to  complete  the  photographic  investiga- 
tion of  this  spectrum.  The  first  column  below  contains  the  wave- 
lengths of  the  bright  lines  obtained  by  a  short  exposure  in 
September,  1892.  The  results  in  the  last  three  columns  were 
obtained  visually  in  1893. 

Table  VI.— Bright  Lines  Observed  in  N.  G.  C.  7027. 


6;e2 

Hff.  extremely  faint. 

5877 

Dj,  vcf^'  faint. 

57S* 

S7S0 

57S3 

Vcrv  faint. 

5412 

S4I3 

5413 

Fatal. 

533 

5313 

Very  faint. 

S'78 

51S& 

11                     14 

1st  ncliular  line,  vqt 
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The  Planetary  Nebula,  G.  C.  4964. 

This  nebula  consists  of  two  nearly  concentric  rings  more  or  less 
broken  up,  with  a  14  ±  magnitude  stellar  nucleus  near  its  center. 
No  part  of  the  nebula  is  especially  dense.  The  spectrum  of  the 
central  star  is  too  faint  to  be  seen,  but  the  nebula,  with  wide  slit, 
gives  a  fairly  strong  continuous  spectrum. 

Visually,  1  am  able  to  see  in  this  spectrum  the  bright  lines  541, 
532,  501,  496,  H/3,  474,  469,  Ky.  The  relative  intensities  of  the 
four  principal  lines,  5007,  4950,  4861,  and  4687  were  estimated 
at  10:3:l:y2. 

A  list  of  the  measured  wave-lengths  of  the  bright  lines  follows. 
Those  in  the  first  column  were  made  visually;  those  in  the  last 
two  columns,  photographically  in  1893. 

Table  VII.— Bright  Lines  Observed  in  G.  C.  4964. 


540 

Very  faiut,  dillicult. 

532 

S007 

5007 

1st  nebular  line,  very  bright. 

4959 

4959 

2fi 

4X61 

4861 

Hj8 ,  very  bright. 

4744 

4744 

Faint. 

47>S 

4713 

a 

4684 

4687 

468S 

Very  bright. 

466 

4663 

Vcrv  faint. 

4643 

4647 

Faiiit. 

4473 

4472 

Very  faint. 

4364 

43H 

Bright. 

4341 

4341 

Hy,  very  bright. 

4102 

4102 

H'!,      •; 

4067 

Very  faint. 

4026 

11        (1 

391'") 

He,  very  bright. 

3868 

Very  bright. 

Of  these  eighteen  lines.  Dr.  Huggins  in  1864  observed  those  at 
5007,  4959,  4861,  4688;  Keeler  added  Hy  in  1890;  Gothard  in 
1892  photographed  additional  lines  at  409,  397,  3865;  and  ten 
of  the  lines  appear  to  be  new. 

The  wave-lengths  of  the  thirty-six  bright  lines  in  the  seven 
nebulje  observed  are  collected  in  Table  VIII.  The  visual  spectra 
have  been  observed  qualitatively  as  completely  as  possible.  The 
photographic  investigations  have  been  made  as  complete  as  pos- 
sible for  the  Orion  Nebula,  G.  C.  4373,  G.  C.  4390  and  G.  C.  4964. 
It  is  evident,  however,  that  a  reflecting  telescope  or  a  photo- 
graphic telescope  would  have  been  much  more  efficient  in  the 
violet  end  of  the  spectrum. 
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spectra  of  the  Orion  and  Other  NebuUe. 


Tablb  VIII.— Bright  Lines  Observed  in  the  Nebuub. 
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SO07 

4959 

47«4 
4662 


Hfc 


SO07 

4959 
4l!6t 


437^ 


nr 


m 


6560 
5S79 


5007 

■1959 
4H61 

464 


447Z 

4363 
4341 


410Z 
4067 
4016 
3969 

3S67 


0,  ■T. 

•a.  c. 

tN.G.tl. 

-;3«o 

«47 

TUW 

6563 

■6S6z 

5876 

5877 

S7.S2 

5752 

S+'3 

S412 
5313 

5185 

5132 

SO07 

S«>? 

5007 

4959 

49S9 

4959 

4S61 

4&61 

4S61 

4743 

4743 

4714 

47'^ 

4687 

46^1 

46SS 

4663 

4643 

463 

461 

4>9 

4S74 

4473 

439a 

' 

4364 

4363 

4341 

434  > 

4265 

414s 

4I3Z 

4JD2 

4ID2 

40C7 

4026 

39*59 

3889 

3S6S 

o.c. 

4«U 


54" 

53a 
5007 

4959 
4S61 

4744 
4714 
4686 
4663 
4645 


447a 

43*4 
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nent  in  the  present  spectrum  of  Nova  Aurigae,  and  possibly  of 
Nova  Normie.  The  faint  line  near  A.  5313  is  possibly  the  co- 
ronal" line  at  A  5317. 

There  are  a  few  points  of  correspondence  between  the  nebular 
spectrum  and  that  of  the  Wolf-Rayet  stars, notably  at  Dg,A  5412, 
X  4687,  A  4472,  X  4389,  and  the  hydrogen  lines ;  but  there  are  so 
many  points  where  correspondence  is  lacking,  that  we  cannot 
say  the  two  types  are  closely  related.  However,  this  subject  will 
be' discussed  in  detail  in  another  paper  soon  to  be  published. 

The  close  connection  of  the  nebular  spectrum  and  that  of  the 
Orion  stars  was  brought  out  in  Table  III.  That  table,  con- 
structed especially  for  the  Orion  Nebula,  will  serve  equally  well 
for  the  other  nebulje,  and  need  not  be  reproduced  here. 

No  evidence  has  been  obtained  to  show  that  any  of  the  stellar 
nuclei  of  the  nebulas  contain  bright  lines,  and  no  dark  lines  have 
been  observable  in  them.  The  faint  bright  lines  probably  belong 
entirely  to  the  nebula:  proper.  It  is  possible,  however,  that  some 
of  the  faint  lines  obtained  photographically  are  due  to  the  light  of 
the  stellar  nuclei;  but  a  comparison  of  the  lines  obtained  in  ne- 
bulse  with  and  without  stellar  nuclei  shows  that  such  an  assump- 
tion is  unnecessary.  Nevertheless,  the  connection  of  the  planetary 
nebulce  and  their  stellar  nuclei  is  undoubtedly  a  close  one.  The  re- 
lation of  their  spectra  should  be  investigated  as  far  as  possible. 
Certainly,  at  no  other  point  in  astro-physical  research  is  accurate 
knowledge  more  desirable.  The  Lick  Observatory  does  not  as 
yet  possess  suitable  apparatus  for  the  work. 

I  wish  to  acknowledge  having  received  valuable  assistance  in 
making  the  above  observations  from  Mr.  C.  D.  Perrine,  Secretary 
of  the  Observatory;  from  Mr,  S.  D.  Townley,  now  Instructor  in 
Astronomy  in  the  University  of  Michigan ;  and  especially  from 
Assistant  Astronomer  A.  L.  Colton :  without  which  many  of  the 
results  would  be  much  less  complete,* 

Lick  Observatory,  1894,  March  20, 


STARS  HAVING  PECULIAR  SPECTRA,t 


M.  PLBMING. 

An  examination  of  photographs  of  stellar  spectra,  taken  at  the 
Peruvian  station  of  Harvard  College  Observatory   under  the 

*  CoRRHCTiON :  My  statement  in  regard  to  the  dark  Dj  in  /*  and  e  Ononis, 
on  page  395,  line  +  7,  of  the  May  A  and  A.-P.  requires  modification.  It  is  true 
of  itars  containing  only  dark  lines,  so  far  as  I  know.  The  dark  component  of 
the  Dj  line  in  /S  Lyrte  is  of  course  well  known.— Mt.  Hamilton,  1894,  May  7. 

t  Commmiicatcd  by  Edward  C.  Pickering  Director  of  Harvard  College  Obser- 
vatoiy. 
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direction  of  Professor  S.  I.  Bailey,  and  forming  part  of  the  work  • 
of  the  Henry  Draper  Memorial,  has  added  several  faint  objects  to 
the  list  of  stars  having  peculiar  spectra.    The  designation  of  the 
fetar  is  followed  by  its  approximate  right  ascension  and  declina- 
tion for  1900,  its  catalogne  magnitude  and  a  brief  description  of 
its  photographic  spectrum. 


Designation. 

K.  A. 

Decl. 
moo 

0        r 

Ma;;n. 

Descripiion. 

BD.  +  30°  591 

li        in 
3  49.1 

4-  30  46 

6.5 

H,i  briRht 

A.O.C.  13539 

9  5!.3 

-41     7 

7Mt 

Type  IV 

A.G.C.  1925-1 

14    7.4 

~  53  2S 

7H 

Type  IV 

16  24.7 

-  40     2 

Gaseous  Nebula. 

S.D. -21°4 

16  55.6 

-  21  40 

95 

Gaseous  Nebula. 

Z.C.  IT""  2657 

17  40.8 

-  35  40 

8 

Type  IV 
H/S  bright. 

A.G.C.  24+06 

17  52.7 

■    -  36     (1 

7.2 

S.D.  -  15°  4923 

18  13.6 

-  15  39 

9.0 

Tvpe  IV 

S.D.  -  13°  5083 

18  38.7 

-  13  20 

9.1 

TyjjeV 
llff  bright. 

BD.  +11°  4673 

21  46.2 

+  12     9 

7.7 

BD.  +  30''  591.    The  spectrum  of  this  star  also  shows  a  bright 
.line  superposed  on  the  edge  of  shorter  wave-length  of  the  line 
Hy  which  is  dark. 

S.D.  —  21  °  44-83.   An  observation  of  this  object  on  May  10, 1894, . 
with  the  15-inch  equatorial,  by  Mr.  O.  C.  Wendell,  confirms  the 
photographic  results.    Its  visual  spectrum  is  the  same  as  that  of 
other  gaseous  nebulfe  and  it  presents  a  hazy  disk  when  seen  with 
a  high  power. 

A.G.C.  24406.  The  spectrum  of  this  star  shows  a  bright  line 
superposed  on  the  edge  of  greater  wave-length  of  each  of  the  lines 
Hy  and  Hrf,  which  are  dark. 

S.D.  —  13°  5083.  This  star  like  all  others  of  the  same  class  lies 
near  the  central  line  of  the  Milky  Way,  its  Galactic  longitude  be- 
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The  first  of  these  stars  is  A.  G.  C.  13624,  Magn.  8. 

It  must  be  here  understood  that  the  stars  in  the  above  table 
are  not  here  announced  as  "susiiected"  variables  since  each  of 
them  appears  bright  on  several  plates  and  faint  on  several  other 
plates.  The  variation  has  also  been  confirmed  in  each  case  by 
Professor  E.  C.  Pickering.  This  is  also  the  case  with  all  the 
variable, stars  discovered  here  from  the  presence  of  bright  hydro- 
gen lines  in  their  photographic  spectra,  with  the  exception  of  the 
star  whose  position  for  1900  is  in  R.  A.  15*"  27.0"',  Decl.  —71° 
32'.    (Astronomy  and  Astro-Physics  Vol.  XII,  p.  546). 

Photographs  of  the  s|M.'ctra  of  the  variable  stars  S  Ononis,  U 
Puppis.  V  Leonis,  S  Bocitis,  and  R  Phoenicis  have  been  examined 
and  show  bright  hydrogen  lines.  S  Orionis  and  S  Bootis  were 
obtained  from  an  examination  of  photographs  taken  with  the 
24-inch  Bruce  photographic  telescope. 

Harvard  College  Observatory, 
Cambridge  Mass.,  May  11,  1894. 

SOLAR  PHENOMENA  OBSERVED  AT  THE  ROYAL  ROMAN  COLLEOB 
DURING  THE  THIRD  AND  FOURTH  QUARTERS  OF  THE  YEAR 
1 893."  

r.  TACCIIINI. 


I  give  below  a  resume  of  the  results  which  I  have  obtained  for 
the  distribution  in  latitude  of  solar  phenomena,  from  observa- 
tions made  at  the  Royal  Roman  College  during  the  latter  half  of 
the  year  1893.  The  observations  refer  to  zones  10"  wide  in  each 
hemisphere  of  the  Sun. 
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As  ill  the  preceding  half  vear,  all  the  phenomena  have  been  more 
fref|ticnt  in  the  southern  zones,  but  it  should  he  noted  thai  the 
freqiiencv  of  the  faculn:  and  ?pots  was  almost  the  same  in  the 
two  hemispheres  during  the  months  of  November  and  December. 
The  maximum  frequency  of  the  facuUe  and  the  spots  continued 
to  l>e  in  the  zones  (^  lO'^  ±  20-')  while  that  of  the  protuberances 
was  foand  in  higher  latitudes.  The  persistence  of  the  mnximum 
of  tlic  proLulieninces  in  latitude  (— 50*"  —  70"^).  which  had  already 
been  observed  in  the  second  quarter  of  the  year,  and  which  was 
preceded  by  a  well-marked  minimum  in  tbe  zone  ( — 40°  —  SCJi 
is  very  irrcgidnr.  The  greater  activity  in  the  southern  bemi- 
sphere  is  further  confirmed  by  the  fact  that  the  highest  and  most 
beautiful  protuberances  have  nimost  always  been  observed  south 
of  tbesnlnr  etfaLor.  tlins  dt-monstniting  that  outside  of  the  solar 
rotation  there  are  causes  still  unknown  which  produce  a  marked 
variation  of  the  solar  activity  with  the  latitude  and  with  the 
hemisphere. 

During  the  third  iiuarter  we  observed  no  metallic  eruptions, 
and  during  the  fourth  quarter  we  found  indications  of  eruption 
on  December  25  and  2«  only,  in  latitude  +  21^.7  and  +  22^^.6  on 
the  east  limb.  The  photographs  which  we  have  obtained  also 
show  a  greater  activity  south  of  the  solar  equator. 
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AH  arLitflcs  and  cuircspon^-iiw  relating  to  spectroscopy  aoO  other  Bafajeets, 
properly  incUiilcd  in  AriTKo-I'HVMCi*,  slinutd  fw  nddrcsiied  to  George  E.  Ilnlr,  Ken- 
woor)  OI>!K-fvMiuT>-  ol  lltt  Uuivcrsity  of  Chicafro,  Chicago,  tl.  S.  A.  Authora  of 
papen>  <irc  tet|iM-9(frii  to  refer  to  Uuit  pa^je  for  infonnnlion  in  regard  to  illuirtrii- 
tions,  rcpiini  copies,  etc. 


Tbe  SpectnuB  of  Comet  h,  1894  (Gaie ).— The  Si>eetruni  of  Gulc'^  coniet  was  ob- 
served ax  AUrplM-ny  on  Aptil  U.  and  appeared  to  be  of  the  ordinnry  carlion  type; 
no  phnto^mphs  of  itir  spn-tnim  were  attempted.  At  Mt.  llnmiKon  I'rofes»nr 
Camptiell  obtained  some  tine  pliotojjtraphs.  showing  more  than  twenty  lines.  Tbe 
.wpectrnm  ivna  identii.'nl  with  tbnt  of  Comet  b,  1893. 


Xcd  Filflge  tothe  Oiion  NeboUi. — ProlesBor  Baniard  describes  in  Kaowledgt, 
IMftj  1 )  n  red  frini;c  of  ti(;ht  which  he  «ees  around  the  aharply  defined  soutbem 
edge  of  the  great  tin^hi  nrea  in  (he  Nebula  of  Orion.  He  is  not  prepnred  to  say 
what  titc  phenomenon  is,  but  linrdl/  thinks  thai  it »»  a  telescopic  eflcct. 

As  the  Ncbnln  of  Orion  emits  no  red  h^^ht,  there  is  no  doubt  that  the  appear- 
ance 18  sutjective,  arising  from  the  cfTnrt  on  the  retinn  ot  the  bluiBh-grcen  light  of 
the  bright  rcgiun  to  which  reference  b  made.  The  production  of  theae  colored 
■dlQeotiee  images  is  a  common  experiment  m  phyriologicul  optica. 
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Tbe  lofloMice  of  Slit-Width  on  the  Appearance  of  Coiiut-Spectra.-~Profesaor 
Vogel  cotitribatcs  on  article  to  A.  S.  3222,  in  which  he  shows  that  in  1881  he  had 
already  called  special  attection  to  the  inBuence  of  alit-with  on  the  distribution 
of  light  in  the  bands  of  comet-spectra.  In  a  monoj^aph  on  the  Rreat  comet  of 
1881,  psblished  by  the  Potsdam  Observatory,  Professor  Vo^I  makes  the  fol- 
lowing remarks: 

"  I  do  not  wish  to  bring  these  considerations  to  an  end  without  calling  atten- 
tion to  the  fact  that  the  width  of  the  slit  of  tlic  spectroscope  is  capable  of  produc- 
ing a  very  great  effect  nn  the  distribution  of  light  in  bands  which  are  ilifTnse  on 
one  side,  while  lines,  or  bands  diffuse  on  both  sides,  are  almost  entirely  unafl!ected 
by  it.  How  great  the  influeuce  of  the  slit  width  may  be,  is  shown  by  the  following 
observations;  and  I  should  recommend  all  observers  not  to  overlook  this  circum- 
stance but  in  all  measurmentsandrecordsof  the  relative  intensities  to  assure  them 
selvesthat  the  slit  is  made  asnarrowas  possible.  Thereisnodoubtthntthegreatly 
discordant  observations  of  faint  comets  have  their  origin  in  the  very  wide  slit 
which  was  necessary  in  order  that  the  faint  bands  of  their  spectra  could  be  seen  at 
all." 

The  observations  referred  to  by  Professor  Vogel  in  the  bfginning  of  this  para- 
graph were  made  with  different  slit-widths,  the  source  of  light  being  a  Bunscn- 
flaiiic  plftcvd  at  different  distunccs  from  the  instrument.  They  show  the  progres- 
sive shifting  of  the  maximum  brightness  toward  the  violet  as  the  slit-width  is 
increased. 

Professor  Vogel  still  tliinks  that  varj'ng  slit-width  is  not  ii  sufficient  expnian 
ation  of  tlie  observed  deviation  of  i-ertnin  comet-spectra  from  the  ordinary  car- 
bon type,  and  regards  the  coexistence  of  the  CO  8i)ectrnm  in  these  cases  as  alto- 
gether probable. 

Notwithstanding  this  previous  discussion  of  the  subject,  the  pai»er  by  Pro- 
fessor Knysur,  translated  in  our  last  number,  is  of  very  great  value,  on  account 
of  its  admirable  clearness  and  thoroughness.  Whether  it  explains  nil  observed 
anomalies  in  comct-siwctra,  or  wlietlicr,  as  Professor  Vogel  maintains,  some  of 
these  anomalies  have  their  origin  in  real  differences  of  spectra,  future  observa- 
tions with  the  aid  of  photography  will  probably  decide.  It  can  hardly  be  sup-  . 
posed  that  exceptional  cases  will  be  rarer  in  the  future  than  ttiey  have  been  in 
the  past. 


Professor  Kayser  at  Bonn.— Professor  Heinrich  Kayser  of  Hanover  has  b^cn 
appointed  I'rofessor  of  Physics  in  the  University  of  Bonn.  The  appointment  to 
a  chuir  which  has  Iwcu  occupied  by  such  intellectual  giants  as  Ctausius  and  Hertz 
is  an  honor  which  requires  no  comment,  but  it  is  one  which  Professor  Kayser  has 
well  earned. 

The  Line  Spectrum  of  Oxygen.— In  Wied.  Ann.,  4. 1894,  there  is  an  interesting 
article  by  .Max  Eisig.  which  gives  the  results  oF  bis  measurements  of  the  line  spec- 
trum of  oxygen.  The  work  was  carried  on  in  tbe  laboratory  of  Kayser  and 
Rnuge  at  Il.'inovcr;  and  thcirconcave  gratiiigapparatus  was  used  for  the  purpose- 
The  oxygen  was  electolytically  prepared  from  purihed  water,  and  was  admitted 
to  the  s]x'iti  uin  tube  after  l>eing  dried  over  phosphoric  acid.  The  discharge  tube 
itself  was  an  Vnd-on"  one,  which  hud  one  end  closed  by  a  quartz  plate  fastened 
by  water-glass.  The  connections  of  the  various  parts  to  the  mercury  pump  were 
made  by  sealing-wax  joints,  and  grease  was  used  with  the  stop-cock ;  but  in  spite 
of  these  facts  no  impnrity-lines  appeared  in  the  spectra,  probably  owing  to  the 


■'-'  •■■"."-■'r»'^T!e 


506 


Astro-Phvsical  Notes. 


tact  that  repeated  refilling  with  oxygen  removes  the  ordinary  carbon  imparitia. 
Tbe  vacuum  used  was  not  vety  great;  a  I  though  various  pressures  and  e.m.rs.  were 
used;  and  so, although  traces  of  water- vapor  were  always  present,  they  produced 
little  or  no  effect  on  the  photojtrapliic  plates.  The  grating  was  a  concave  one,  21 
feet  radius  and  having  20,UU0  lines  to  the  inch;  and  photographs  were  taken 
throughout  the  entire  spectrum  as  far  as  the  plates  would  allow.  Exposures  of 
from  2V4  to  4  hours  were  found  necessary.  On  the  same  plates  and  directly  ovef 
the  oxygen  lines,  was  photograi)hed  the  arc-spectrum  of  iron,  care  being  taken  to 
avoid  displacement;  dnd  then  comparisons  of  the  two  spectra  were  made  under 
a  dividing  engine.  The  measurements  of  the  oxygen  lines  are  thus  reduced  to  the 
same  scale  as  Kaysci  and  Kungc's  wave-lengths,  /.  e.,one  where  the  standards  arv 
D,  =  5896.18and  D-j  =  5890. 19 (Rowlatid'sstandards  arc D,  =  5896.1 56  and  Dj  = 
6890.182)  Eisig  estimates  his  probable  error  at  from  0.1  to  U.2  Angstrom  unit.  Of 
course  in  a  spcetrnm  so  imperfectly  studied  in  the  past  as  that  of  oxygen,  it  is  im- 
possible to  be  sure  that  a!)  the  lines  observed  belong  to  the  substance  itself;  but 
the  cases  of  doubtful  lines  are  rare.  There  is  no  grouping  of  the  lines  in  s(!ries,  as 
there  is  in  the  case  of  hydrogen  and  other  substances:  and  careful  examination 
shows  that  none  of  the  lines  measured  occur  in  the  solar  spectrum.  This  is  no  ev- 
idence, of  course,  that  oxygen  isjnol  present  in  the  Sun.  It  may  be  there,  and  its 
spectrum  may  be  too  weak  for  observation ;  or  the  conditions  under  which  it  ex- 
ists may  be  such  that  a  different  spectrum  from  the  so-called  "line-Fpcctrum"  is 

produced. 

Thelinesmeasured  by  Eisig  and  attributed  to  oxygen  have  the  following  wave- 
lengths and  intensities: 
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PLANET  NOTES  FOR  JULY  AND  AUGUST. 

H.  C.  WILSON. 

Mtrcury,  having  bi'cn  visible  in  the  e\'ciiin^  during;  tlic  hist  days  in  June,  wilt 
in  July  pass  betwwTi  us  and  the  Sun,  being  hidden  by  the  rays  of  the  latter  during 
the  greater  part  of  the  month.  He  will  be  at  inferior  conjunction  July  20  at  4'* 
28""  p.  M.  central  time. 

Venus  is  slowly  receding  from  us  and  moving  around  behind  the  Sun.  Her 
disc  will  be  0.76  illuminated  July  1  and  0.92  Auj^ust  30.  Venus  will  pass  byjup- 
iter  on  the  morning  of  July  20,  the  nearest  approach  of  the  two  planets  to  each 
other  occurring  at  about  2"  SO""  a.  m.  On  the  morning  of  July  28  at  e"*  13"  Venu* 
win  pass  very  close  to  the  third  magnitude  star  /i  Geminorum,  the  difTerencc  of 
declination  of  the  two  bodies  at  the  time  of  conj<mction  being  only  3'.  August  8 
at  7"  45*"  A.  H.  Venus  will  pass  9'  to  the  south  of  another  third  magnitude  star, 
d  Geminorum.  Venus  will  be  in  conjunction  with  the  Moon  July  30  at  l**  34-" 
A.  M.  and  August  28  at  7*"  23™  p.  M. 

Mars  will  come  into  good  position  for  observations  after  midnight  by  the 
first  of  August,  and  it  is  to  be  hoped  that  observers  will  begin  early  to  study  the 
markings  on  the  surface  of  the  planet.  It  is  not  necessary  to  have  a  great  tele- 
scoiie.  in  order  to  sec  them  to  good  advantage  In  fact  there  are  some  good  ob- 
servern  who  believe  that  planetary  details  can  be  seen  better  with  smalt  than 
with  large  telescopes.  Wc  do  not"  subBcril>e  to  this  belief,  but  do  say  that  the  dif- 
ference in  favor  of  the  large  telescope  is  not  so  great  as  to  entirely  discourage  the 
possessor  of  a  good  small  one  from  attempting  to  add  to  our  knowledge  of  the 
planetary  markings. 

/upiter  and  Neptune  are  coming  around  as  morning  pinnots  but  will  not  be  in 
ijO'iil  position  for  observation  during  the  summer.  As  already  noted,  Jupiter  will 
he  in  conjunction  with  Venus,  51'  north  of  the  latter,  on  the  morning  of  July  20. 
Neptune  will  he  still  closer  tn  Venus,  only  9'  north,  July  IL,  11"  51'"  p.  m. 

Saturn  will  be  visible  in  the  early  evening  hut  will  be  pretty  low  in  the  west 
by  the  time  twilight  is  over.  Saturn  and  the  Moon  will  be  in  conjunction  July  9 
at  it''  11"'  P.  M.  and  August  6,  7"  30"  a.  m. 

Uranus  is  making  the  turn  of  the  loop  in  his  apparent  course  among  the  stars 
and  will  be  almost  stationary  during  Juh'.  In  August  he  will  move  eastward 
toward  the  star  a  Libra;.  Uranus  will  be  in  conjunction  with  the  Moon  July  11 
and  -August  7. 

Planet  Tables  for  July  and  Aug:u8t. 

[The  timea  given  are  lucal  time  for  Xorthfield.  To  obtain  Standard  TimcH  lor  Places 
in  approximately  the  same  latitude,  add  the  difTurence  between  Standard  and  Locftl 
Time  il  ive»t  of  the  Standard  Meridian  or  uubtroct  if  ennt]. 
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luly 

Aug. 


MERCURY. 

R.  A. 

Dccl. 

Rises, 

Transits 

Sets. 

h         m 

n           1 

li     m 

li        m 

li     m. 

o.... 

..   S  23.4 

+  16   59 

0    Ifi  A.  M. 

1    28  2  P.  W. 

S    41  P.  U 

15.... 

..   S    ll.o 

+  15   25 

5  :m>    •• 

12  3fi.5    ■■ 

7    +3     " 

25.... 

..    7   44  8 

+  Ifi  Ml 

4    1^      " 

11    31.2  A.  M. 

6    42     ■' 

o.... 

..   7  4H.0 

+  iH  5:i 

3    27     " 

10  4'J.2     ■' 

6    11     ■' 

15.... 

..   H   33.(1 

+  19   III- 

3  :i:^    '■ 

111   56.7     ■■ 

ti    0-^    " 

25.... 

..  a   47.4 

+  l.-i   fi+ 

4   27     " 

n  3i.r>  •■ 

li    36     " 

508 


Planet  Tables. 


VBNUS. 
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SATURN. 

7  49.2     " 

3  32    " 

Hv 

5.... 

,..13  12.5 

-    4  57 

12  33  p.  M. 

6  16.5  P.  H. 

12  OOmidn 

15..., 

,..13   13,6 

-    5  07 

11   55  A.  Ji- 

^ 38.3     •• 

11    22  P.M. 

25... 

...13    15.3 

-     5   20 

ll    18      " 

5  011.8     " 

10  43     " 

Aug. 

5... 

...13   17.8 

-     5  37 

10  39     '• 

4   iO.O     " 

10  01     " 

15..., 

,..13   20.5 

-     5  57 

10  04     " 

3  43.4     " 

9  23    ■' 

25..., 

...13   23.7 

-     6   IH 

9   29     " 
URANUS. 

3   07.3     '■ 

8  46    " 

Toly 

5... 

...14  36.2 

-  14  52 

2   37  P.  H. 

7  40.0  p.  M. 

12  43  a.m. 

15... 

...14  35.8 

-  14  51 

1    57     '• 

7  00.4     '■ 

12  0*    " 

25... 

...14   35.8 

-  14  51 

1    18     '* 

6  21.1     " 

11   24  p.m. 

Aug. 

5... 

...14  36.2 

-  14  54 

12   35     " 

5  38.4     " 

10  41     " 

15... 

...14   37.0 

-  14  58 

11    57  A.  M. 

4  59.7     " 

10  02    ■' 

25... 

...14  38.0 

-  15  03 

11    19     " 
NBPTUNB. 

4  21.5     " 

9   24     " 

TuW 

5... 

...  4  53.0 

+  21   06 

2   2G  A.  .M. 

9   5S.O  a.  u. 

5  31  p.  M 

15... 

...  4  54.4 

+  21   08 

1    47     " 

9   20.6     " 

4  54     ■■ 

25... 

...  4  55.6 

+  21    10 

I   09     " 

S   42.5     " 

4  16    " 

Aug. 

5... 

...4  56.S 

+  21    11 

ly  27     '■ 

K   IMI.5     " 

3  34    " 
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Date.        R.  A.  Dcd. 

h       a  »       ' 

July     23 0  51.4  +    6  36 

25 2  31.6  +18  3  5 

27 4  31.7  -1-26  40 

30 6  61.2  +27  59 

Aog.      1 9  06.7  +20  36 

3 11  03.8  +7+7 

5 12  46.8  -    6  04 

7 14  27.1  -  17  54 

9 16  12.6  -  25  52 

11 18  03.8  -  28  36 

13 19  53.5  -  25  42 

15 21  34.3  -  18  04 

17 23  06.8  -    7  09 

19 0  36.9  +    4  52 

21 2  13.8  +16  40 

23 4  07.2  +  25  40 

25 6  19.6  +  28  36 

28 8  34.9  +23  11 

30 10  35.3  +11   18 


THB  MOON. 

b     m 
10  13  p.m. 

10  53    " 

11  55    " 

1  54  a.m. 
4  33    " 

7  22    " 
9  56    " 

12  22  p.m. 

2  42  " 
43  " 
11  " 
07  " 
46  " 
20  " 

8  57    " 

9  52    ". 
29    " 
02  A.  u. 
52     " 


11 


TransltB. 
li       ro 

4  42.8  A.  u. 
6  14.8  " 

8  06.9  " 
10  18.0  " 
12  25.7  P.  M. 

2  14.2  " 

3  49.0  " 

5  21.2  " 

6  58.6  " 
8  41.7  " 

10  23,1  " 

11  65.9  " 

1  20.2  A.  H. 

2  42.2  " 

4  11.0  " 

5  56.3  " 
8  00.3  " 

10  07.4  '• 

12  00.0  M. 


Seta, 
h  m 
11  27  A.M. 

1  63  P.  M. 
4  30  " 

6  49  " 
8  01  " 

8  49  " 

9  29  " 

10  11  " 

11  10  " 

12  40  A.  M. 

2  41  ■' 
4  54  " 

7  07  " 
9  19  " 

11  41  " 
2  13  p.m. 

4  29  " 

5  57  " 

6  50  " 


Phaaes  and  Aspects  of  the  Moon. 


Central  Time. 

d  h    m 

New  Moon July     2  11  45   P.  M. 

Perigee "'      3  7  40  a.m. 

First  Quarter "       9  4  15   p.  M. 

Apogee "17  H  30  A.  M. 

Full  Moon "     17  4  03  P.  u. 

Lnst  Quarter "     25  3  07  P.  M. 

Perigee "     31  5  06  p.  m. 

New  Moon Aug.    1  6  24  a.  m. 

First  Quarter "       H  4  05  a.m. 

Apogee "     13  1  30  r.  M. 

Full  .Moon "     If.  7  17  A.M. 

Last  Quarter "     23  11  40  p.  u. 

I'erigi-e ■. "     29  12  36  A.  M. 

New  Moon "     30  2  04   p.  M. 


Occultations  Visible  at  Washlngrton. 


Date 
1S94 

July  9 
16 
18 
20 
23 
26 
26 
27 

Aug.  13 
13 
16 
18 
26 


star"* 
Name. 


tude. 


58  Vtrginis 7 

B.  A.  C.  6628 6 

X  Capriconii 5Vi 

B.  A.  C.  7835 6 

B.  A.  C.  221 fi 

C  ArietiH 5 

B.  A.  C.  1055 7 

X  Tauri 6 

00  Sagittarii 5 

A  Sagittarii 5 

50  Aquarii 6 

20  Pincium 6 

47  Gcminoruin 6 


IMMERSION  BMBRSIOK 

WnahinK-    Anele       WaahliiK-  AdkIc 
ton  u.  T.  T'm  N  ]>'t.  ton  u.  t.  ft  N  p't. 


h  m 

10  29 

12  58 

14  58 


7 
11 


29 
34 


10  14 

14  07 

13  33 

8  42 

10  44 

n  25 

8  14 

12  04 


100 
111 
67 
50 
15 
67 
59 
36 
30 
61 
60 
29 
97 


h  m 

11  30 

14  00 
16  14 

8  24 

12  20 

11  01) 

15  08 
14  16 

9  47 

12  12 
12  51 

9  07 

12  49 


312 
209 
227 
270 
279 
252 
245 
284 
300 
252 
223 
272 
263 


Dnratlon. 

h  m 

1  01 

1  02 

1  16 

0  55 

0  46 

0  46 

1  01 
0  43 


05 
28 
26 
53 


0    4.5 


•.^^-:-:.-.y,r:75--^?5ri^ 
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Elongationa  of  the  Satellites  of  Uranus. 

[The  diagram  ahowi  the  apparent  patht  of  the  satellites  of  Ur«DUB  daring  the  i 
of  1894.  The  black  dots  with  the  nameralaindicatc  the  posltloni  of  the  ■atctllte*  ftt  In- 
terraU  of  1  dav  after  each  northern  elongation.  The  paints  marked  O  are  tha«e  of  nortk- 
«ra  elongation^ 

ARIEL. 


Jnly 


Aug. 


July 


Aug. 


Jniy 


h 

2 

10.7  P.M.' 

N 

6 

11.2  A.  u. 

N 

7 

11.7  p.  u. 

N 

10 

12.2  p.  M. 

N 

13 

12.7  a.  u. 

N 

15 

1.2  p.  M. 

N 

18 

1.6  A.  u. 

N 

20 

2.1  p.  u. 

N 

23 

2.6  A.  M . 

N 

25 

3.1  p.  M . 

N 

28 

3.6  A.  H. 

K 

30 

4.1  p.  M. 

N 

2 

4.6  A.  M. 

N 

UMBRIEL. 

h 

5 

1.7  A.  u. 

N 

9 

4.3    " 

K 

13 

7.8    " 

N 

17 

11.3    " 

N 

21 

2.8  p.  M. 

N" 

25 

6.3    " 

N 

29 

9.8    " 

N 

3 

1.2  A.  M. 

N 

TITANIA. 

h 

2 

6.7  p.  M, 

S 

7 

3.2  a.  u. 

X 

11 

11.7    " 

s 

15 

8.2  p.  M. 

N 

20 

4,6  A.  M. 

s 

ja+ 

1.1  p.  u. 

N 

28 

9.6     " 

S 

OBERON. 


July      7 
13 


12.4  a.m. 
5.9  P.  M. 


July    27 
Aug.     3 


OBERON,  COXT. 
h 

5.0  A.  it. 
10.6  p.  U. 


3 
N 
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_        _      _ 

- 

6  LIBK.-E. 

Alternate  Minimu 

h 

J  Illy 

I 

2  r.  M. 

1 

r>  A.  M. 

11 

y  p.  M. 

16 

I  •• 

21 

i  A.  M. 

2o 

H  p.  M. 

30 

12  »i. 

Ah;; 

4- 

4  A.  M. 

S 

7  p.  M. 

13 

11  A.M. 

IS 

3     ■■ 

22 

6  p.  ». 

■27 

m  A.  U. 

u  corona;. 

Altcrnal 

:c  Minium 

July 

2 

9  p.  M. 

9 

7     " 

IG 

i     " 

23 

2     " 

ao 

12      M. 

r  CORON^E  CoN-T. 

(AltornHtf  Minima.  I 
h 

Aity.       B  9  a.  si. 

13  7     - 

2i»  5     " 

27  3     '• 

r  OPHUICHI. 
I  Hvtry  Tiiurlh  Miiiimuini 
July        1  4  p.  M. 

5  1  A.  M. 

a  Op.  M. 

U  6     *• 

15  2  A.  M. 

IH  11       '• 

21  7  P.  M. 

25  4a.m. 

2S  12  m. 
31  9  p.  M. 

A 11^.        4  (>  A.  M. 

7  2  p.  SI. 

lU  11     " 


rOPHIUCHICONT. 
lEccry  ttiurth  minimum) 
h 
Au}i.     14  7  a.  m. 

17  4  p.  M. 

2U        12  midn. 
24  9  A.  a. 

27  5  P.  M. 

31  2  A.  Ji. 

Y  CYGM. 
'  [Cvcry  fourth  minimum.) 
July      6        11  A.  M. 


Aug. 


12 

10 

IS 

10 

24 

10 

30 

10 

5 

10 

11 

10 

17 

9 

23 

9 

29 

9 

Maxima  and  Minima  of  Variable  Stars. 

[From  epScmcri<lcs  hy  Di ,  Loewy  in  the  "  CompAnion  to  the  Olistrviitory,"  nnrt  by  Dr. 
Hiirnvij;  in  the  ■' Vierttljiihrsst-h 


i-hrirt  lier  Antronominchc  (ic^clischaft".) 


Maxima 

Jiilv  1  X  CopricDrni 

J  K  Corvi 

2  K  Ri)f)tis 
;,'  K  Pcrsei 

'J  K  Gt;niin'>ruiii 

3  r  C;isstn]K'iif 

3  S  Seorpii 

4  K  Aiiuarii 
4  r  Hnotis 

I'l  S  Saj;iitarii 

1u  R  Ciiiiia- 

I'l  K  Scul|)toris 

IS  K  SiiEittiirii 

•_'+  K-  Lil.m- 

Ufi  S  VnljK.'i'iil(i; 

27  K  Lvitiis  MiiHiris 

27  V  Virj'inis 

'J'<  Z  Sl-l>l-|Hl 

■J'J  K  Delpliini 

3n  K  tk-orpii 

3(»  V  Coti 

Auy.l  V  MoiiittiTotis 

2  \V  Cvgiii 

:^  S  Iltrtulis 

4  K  Lyrii- 

5  Z  Vir^ints 
5  THvrlrii- 


Maxima 

MiXIM.A 

Aii«.7 

K  Vu1|xxu1ec 

Ju!v  1 

T  Capricoriii 

7 
7 

K  Ceti 
Y  l.-ilirK' 

1 
5 

I.''  Pujjjiis 
S  Ciinni 

S 

R  TrsR'  M.ijdris 

10 

R  Ccntaiiri 

S 

R  P^Kasi 

11 

R  Sciili 

9 

S  I'rsjt  Majoris 

14 

R  .-Xrietts 

111 

H  Caritii 

14 

V  Moiuitcrolis 

11 

r  fit'miii'iriiiii 

19 

K  Caiicri 

11 

K  Virfjitiis 

20 

R  Lvra- 

l.T 

R  A  rift  is 

25 

S  Celi 

13 

R  Laccri.T 

2(i 

VV  Caprii'drni 

13 

v.  Lilini' 

30 

r  VirHiiiif 

14 

T  I.ilir:t 

30 

V  Cy^^ni 

14 

R  OphltiL-lii 

31 

W  Tmiri 

15 

R  StJiiti 

31 

R  SiiRltta:; 

15 

S  Ariel  is 

A..y.  2 

S  A(|uiliL- 

10 

S  Ccplici 

5 

X  H.icitis 

l(i 

R  SHgitt;i: 

5 

S  Canis  -Minori: 

17 

T  L'rHit  Xlrti'iris 

7 

S  Dvlphitii 

17 

R  IVyasi 

10 

T  Hcrculis 

IS 

r  CtLi 

22 

K  Lcjioris 

19 

V  Touii 

29 

r  MoiKxemtis 

25 

T  Ccpliti 

2« 

S  Cypni 

2!) 

\V  St-orpii 

30 

I.*  Piippis 

30 

V  Atiiiarii 

30 

V  Ctti 

COMET  NOTES. 

Dennfn;^'n  Ciinict  »  180-4. —Our  lasl  iib-civ;tli<n;  oi  lliis  ctitiKl  was  <j1i- 
t.-\iiit'il  on  Uiv  ni^lil  (if  Miiy  3,  II  was  then  cMiciHiiHly  i.'iint.  iiiid  will  prolmiily 
not  'ic  visiliU'.  cvfii  in  tin.'  laryi'St  tvli.-^C'>[K.-s.  in  Juiit-. 


"J*  ,     '■■  ■*  ^rir*i\M^    ■  , 


\f';;/?^".>-7i-*7? 
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Comet  Notes. 


G«le*B  Comet  b  1894h— This  comet  which  we  reported  but  month  M  too 
far  BOBth  for  observation  in  our  latitude  has  come  rapidly  north  and  b  now 
almost  out  of  view  from  the  place  of  discovery.  The  orbit  is  almost  perpeodica- 
lar  to  that  of  the  Earth,  so  that  it  is  probably  not  a  periodic  comet,  and  tlw 
parabolic  elements  Inst  received  appear  to  represent  the  observations  fairly  wdL 
Mr.  Ellery,  Government  Astronomer,  at  Mielbonrne,  Australia,  has  tekgniplied 
the  following  elements : 

T    =  189*  April  13.75  Greenwich  m.  t. 

00    =324°]9'1 

Hi    =206    16  il89+.0 

7    =    87    15  I 

q    :=  0.98+9 
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it  was  rapidly  approaching  the  Earth,  that  it  pnssed  tbe  point  nearest  to  the 
latter  about  May  1,  and  that  now  it  is  rapidly  receding. 

The  comet  was  first  seen  in  northern  latitudes  by  Mr.  Douglass  at  LoweU 
Observatory,  KlagstalT,  Arizona,  April  26,  At  Northfield  cloudy  weather  pre- 
vented observations  until  May  3,  when  the  comet  was  visible  to  the  naked  eye  as 
a  hazy  star  of  the  fifth  mngnitnde.  No  tail  was  visible  to  the  naked  eye  or 
with  an  opera  glass,  but  with  the  16-inch  telescope  the  tail  could  be  traced  20'  or 
30'  from  the  nucleus.  A  photograph  taken  with  our  6-inch  Brashcar  camera  on 
May  5  with  an  exposure  of  one  hour  shows  very  faint  traces  of  n  tail  extending 
to  the  edge  of  the  plate,  a  little  over  6°.  Unfortunately  the  2i,'i-inch  camera 
happened  to  be  provided  with  a  poor  plate  and  showed  the  merest  trace  of  a  tail 
in  the  same  time. 

Mr.  Barnard  at  Lick  Observatory  was  more  fortunate  and  succeeded  in  get- 
ting a  very  beautiful  picture  of  the  comet  with  an  exposure  of  two  hours  and 
twenty  minutes  on  the  ni;;ht  of  May  3.  He  obtained  a  second  successful  photo- 
graph, on  May  5. 

This  comet  was  observed  by  Mr.  DoughtHS  at  the  Lowell  Observatory,  Ari- 
zona, on  April  26th,  15''  G.  M.  T.,  in  R.  A.  6^  50™,  and  Dccl.  33^  32'  south. 
He  described  it  as  of  5th  magnitnde  brightness ;  circular,  with  a  central  nuclcua, 
and  a  diameter  approximately  four  minutes  of  arc,  and  a  narrow  tail  eight  min- 
utes long.  On  April  2Hth  he  found  it  of  the  fourth  magnitude,  and  from  these 
and  subsequent  observations  its  positions  showed  it  to  be  gaining  somewhat  on 
its  ephcmeris. 


EphemerlB  of  Gale's  Comet,  b  1894-. 

Greenwich  Midn.        R.  A.  Decl.  log  r.            log  ^              Br. 

h        m  o      ■ 

June     I  II     02.3  +  38    39            0.1086            9.9S69            0.48 

3  07-9  39    21 

5  »3-3  39    57 

7  18.4  40    28 

9  23.3  40    56          0.1366           0.0694           o.2g 

II  2S.0  41    20 

13  32-5  41    4' 

15  36.9  41     59 

17  41. 1  43       14                D.  lfi43                0. 1369                0.19 

19  45-3  42     27 

21  49-4  42     39 

23  53-4  43     49 

25  "     57-3  4a    57            0.1912            0.193s            0-13 

27  12    01. 1  43    04 

29  04.ti  10 

July     I  08.5  15 

3  12.1  19               0.2173                0.2415                 0.09 

5  15.8  32 

7  '9-4  34 

9  23.1  25 

II  26.7  25     0.2418     0.3835     ^-07 

»3  30-3  24 

15  33-8  »3 

17  37-3  « 

19  40.8  20     0.2684     0.3181     0.05 

St  44.4  18 

2i  47-9  '6 

t$  51.4  13 

37  54.9  ID                0.2882                 0.3497                0.04 

19  13      58.4  06 

31  13     01.9  4.43     02 


v.r  ■, 
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Tempel's  Periodic  Comet.— This  comet  was  found  very  near  the  pie-. 
dieted  place  on  the  morning  of  May  9  by  Mr.  Finlay  an  astronomer  at  the  Cl^ 
of  Good  Hope.    The  observed  position  of  the  comet  was  as  follows: 

May  8.6628  Gh.  m.  t.;  R.  A.  23''  J-S™  21M;  Decl.  —4'  51'  18".  ThiagiTCi 
as  the  corrections  to  Mr.  SchulhoPs  ephemeris  -f-  47'  in  R.  A.  and  — 1'.9  in  Ded. 
remarkably  small  corrections  considering  the  fact  that  the  contct  has  not  been  oV 
served  since  1878.  The  comet  is  described  as  circular,  less  than  1'  in  diameter, 
11  magnitude  or  fainter,  with  some  central  condensation  and  no  tail.  It  is  now 
at  its  greatest  theoretical  brightness  but  in  a  qnitc  unfavorable  position  forol^ 
servation  in  the  northern  hemisphere,  owing  to  the  morning  twilight  in  urbicfa  it 
mast  be  observed. 


Kpbemeria  of  Comet  a  1894  (Denning).— From  Dr.  Krueger's  elcraeota  as  giTen 
in  A.  N.,  Vol.  1.H.1,  p.  135,  I  have  computed  tlie  following  ephemeris; 


Gr.  M.  T. 

June    1.5 

3-5 

5-5 

7-S 

9-5 

11.5 

'3-5 

«3-5 

!7-5 

'9-5 

21.S 

23-5 

,  25-S 

*7-5 

295 


A  pp.  R.  A. 

Il      01  s 

12       17  .l<) 

20  23 

23  16 

26  7 

2«  57 

31  46 

34  35 

37  22 

40  8 

42  54 

45  40 

48  25 

51  9 

53  S3 

12     56  3O 


A  pp.  Decl. 

+  5    20 


o 
o 

+  0 
—  o 


49 
18 
48 
19 

50 

3t 

S3 
26 

59 

33 

7 

19 

o     44 


—  I 


Logr 
0.3030 

0.3123 
0.3214 
0-3304 
0-339' 
0.3478 

0-3563 
0.3647 


Harvard  College  Observatory,  May  15, 189+. 


0.1514 
0.1744 
0.1966 
0.2183 

0-2393 
0.2552 
0.2791 
0.2978 

O.  C.    WBNDBIX. 


Gale's  Comet  was  picked  up  here  on  the  evening  of  April  30,  at  half  past  eight 
75  meridian  time,  in  R.  A.  7"  43"'  20';  —  18°  40'.  I  should  have  seen  it  two  or 
three  nights  before  this,  only  that  my  residence,  about  one  hundred  feet  distant 
from  the  Ubscrvatorv,  cuts  off  ntv  horizon  in  that  dii'L-utiun.      In  all  but  two  di- 
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ever,  that  by  usiiijj:  a  liijjh  power  eye- piece  with  its  small  field,  the  comet  could  be 
kept  central' in  thiit  small  field  verv  easily  without  cross  wires.  The  resultant 
photograph  was  very  satisfactory  fn  this  resjject.  The  plate  used  was  a  Cramer 
"Crown,'"  and  the  exposure  one  hour  and  twenty  minutes. 

WILLIAM  H.  nROOK3. 

Smith  Observjitorv,  Geneva,  X.  V..  Mav.  J"th,  1894. 


A  Comet  in  the  Corona  of  April  i6,  iSga.— To  day  the  Lick  Observatory  received 
jiositive  copies  (on  jjlnss)  of  the  eclipse  negatives  taken  by  the  English  ex|)edition8 
u>  Brazil  and  Africa.  1  can  now  annoucc  that  the  object,  to  which  particular  at- 
tention was  called  in  the  October  and  April  numbers  ol  this  Journal,*  is  a  comet. 

On  one  of  the  negntives  taken  in  Itranil  identically  the  some  form  is  shown  as 
lias  already  been  described  in  the  April  number  of  Astkovomy  and  Astko-Fuysics 
except  that  the  distance  of  the  object  from  the  Moon's  outline  is  frreatcr  by  ten 
minutes  of  arc-  On  two  iifthc  Africin  plates  the  .same  object  is  very  faintly  shown 
at  a  still  greater  distiiiice  from  the  Moon's  outline.  The  comet  was  api>arently 
moving  in  the  direction  of  the  slender  but  conspicuous  streamer  (also  shown  oi» 
the  English  pliotouriiphs)  described  in  the  April  nunilter  of  this  journal.  The  fol- 
lowing measuri'p  refer  to  n  (Mint  on  the  shari>ly  defined  inner  boundary  of  the  tail 
which  is  nearest  t»  the  Moon's  outline. 


Mina  Bronces, 

Chile. 

O.HH 

Brazil. 

1.19 

Africa. 

l.fiO 

Ilistiuice 
I'lnce.  Moon's  diameter  =  l.<«)  Keniarks. 

CouspicHons  and  very  certain. 
Faint. 

Allowing  for  the  difference  of  absolute  time  at  the  three  stations  the  resulting 
gefK'entrie  diiily  motion  is  three  and  ouc-ipuirter  degrees.  The  object  was  appar- 
ently diminishing  in  biightness  (|uite  ra]iidly.  which  indicates  that  its  actnal^dis- 
tancefroni  the  Sun  wassm.all  ;uid  not  simply  dne  to  projection.  To  remove  if  possi- 
ble all  doubt  as  to  tlie  prisition  of  the  object  on  the  Afncan  plates  the  original  nega- 
tives should  be  S[XM.-ially  examined,  lly  giving  a  slight  vibratory  motion  to  the 
plate  in  its  own  plane  very  faint  e.mtr.ists  can  )k  more  readily  detected.  There  is 
not  the  alijrhtest  thmhl  with  reference  to  the  Chile  nml  lirtizi!  negatives. 

Lick  Observatory,  May  7,  1IS94.  J.  il.  sciiAKitF.Ri.E. 

Elliptic  Elements  of  Denning's  Comet  n  1894.— In  Xo.  3l7of  the  Astronomival 
JoiiniMl  Professiir  Boss  gives  the  following  elements  wliieli  indicate  that  this 
comet  Ixrlongs  to  the  Jnpiter  family,  having  a  j>eriod  of  less  than  8  years: 

Epoch:     1894-  April  27.5  Greenwich  m.  T. 

\i  =    9°31'4,-i'*.'JS 

w  =  +G    .^(»  20   .2    I 

1.-  =  n:i  52  10  .+  nso+.o 

/■  =     5    34.  33    .3    ) 
<p  =-^5    IS   19   .C 
a  =  44f>".«386 
logn    —  0.5999040:  iieriod  7.94.  years. 
Mr.  St^lnilhof  gives  similar  elements  in  Astronomische  Nuchrichten  No.  3327, 
making  the  ec*.-entrieity  less,  however,  so  that  the  period  is  only  6,74  years.    He 
finds  by    Tisserand's  criterion    that  the  eonict  may   l>e  identical    with    that    of 
Grischow  (17431)  or  that  of  DIanpuin  (1H19  IV).    He  gives  the  following  com- 
parison in  which  n  is  the  test  fjuantity,  /  is  the  longitude  where  the  comet  ma3' 
approach  nearest  to  Jnjiitcr  and  the  other  letters  represent  the  elements  of  the 
orbits ; 

n  K         \i       i         e  a  I 
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0.52.1 

lis 

«9 

2 

0.72 

3.09 

271 

Comet  Dlanpain 

('.517 

r.9 

79 

9 

0.71 

3.11 

248 

Comet  Denning 

0.517 

130 

>'5 

.> 

0.1)8 

3.57 

2«7 

1B93,  page  732;  1804,  page  307. 


NEWS  AND  NOTES. 

SulxtcrilATsi  wiW  iikasM.-  rcnicnil>cr  llmt  the  m'xt  nurtilKT  of  ihid   jniMuiit 
will  tic  iKsixtl  (or  AugiiKt.    None  will  appear  in  JnW- 


in  rirw  of  tbe  vcrv   su]M;riar  nrliclm  of  ifiut    niniil>or   wc  linv*  }(ivcn  l;trg( 
aiJBct  tlmn  usual  tn  A!iTiti>>['uYBK'5,  and  althptiKli  wc  bwvc  yonc  l«yo<»(  our 
usual  UttriU  wc  hare  still  beeu  oblijjed  to  oiuit  rancli  tueful  ntnor  niAitcr. 


Attention  is  called  to  the  oew  Full  pagr  advcrtikcmenl  ol  Me«sra.  T.  Cocikc  & 
Sons,  BucJtinnIinin  Wdrkii,  York,  Eni'l.-ind.  The  ciccctlitiK'T  i«tc*««titiK  fuct*  lliat 
an  5[tKi;c&ic<J  in  it  are  more  fully  shown  in  excellent  papers  thnl  have  been  re- 
cently prrpnrcd  nnil  |>iilili«liefl  by  H.  I).  Tnrlnr  on  the  perfectly  achromntic  b«> 
trimomieal  objective.  U'c  arc  sorry  that  wc  had  not  *|Hiec  thi»  Lline  to  jpvc  foil 
and  deserved  notice  of  Mr.  Taylor's  optical  Ktmfics.     The  »amc  will  Appear  Inter. 


Double  Star  Keai  H  3930— The  ftiint  pnir  of  rtarv.  turar  II  3950.  rctirncd 
to  by  Mr.  Sprnsue  in  the  May  number  of  Aatrvnomy  and  AsUu-Pbviic*, 
(|i  -ilT)  wus  Ctrl  noted  in  ibe  low-power  ewcvpt  at  Mttdipon)  Pol/.  M'tubbtim 
Obecrrntory  Vol.  li),  and  subacqncnUy  mcasarcd  by  Comiitoctc  in  his  reiriew  of 
tlioM  storii  (Vol.  VI).  It  is  mnrh  (00  wide  in  distance  and  too  faint  in  tnagai- 
tudcs  lo  be  of  nnv  interest  as  a  real  double  star.  s,  w.  n. 


Professor  GUssenapp's  Double-St5r  Hessuies  lo  tB^i.— The  measures  of  donUc- 
stars  made  by  I'ralessor  S.  Clti«enapp  at  Abnsluman  in  1892  have  jnst  sppenrcd 
Jo  n  handsomely  printed  volume  i»suei,l  from  the  |>m«  of  the  Imperial  Amdcmy 
of  Sciences  of  St.  Petersburg.  The  observations  i^^:ludc  aboat  six  hundred  pairs, 
■princifwilly  from  tbe  Dorpat  catalogue,  each  star  Imng  obaervcd  as  a  rule  on 
two  nights.  The  other  pairs  measured  arc  from  the  0£  and  fl  cotalu^ues.  The 
mewmrcs  arc  csccllcnt,  and  the  stars  indiciously  selected  considcrinj;  the  apCT^ 
turcof  the  equntonnl. 

U  U  to  be  retfrelted  that  this  work  could  nut  hnve  been  conlinited,  ns  the  at- 
tnoepbcric  conditions  were  found  to  be  very  fovomble  both  as  to  the  iiteadrncssof- 
the  nir,  and  the  number  of  working  nights.  The  elevation  ts  some  three  hnndred 
IccL  higher  than  Mt.  Hamilton,  and  in  point  of  latitude  is  much  more  favorably 
placed  for  olMcrving  itouth  of  tbe  ci|uator  than  any  of  tbe  other  Russian  Observa- 
tories. From  the  amount  of  work  done  in  tbe  comparatively  short  time  the  Ob- 
sei'vatory  was  in  active  operstioa,  it  is  evident  that  Professor  GInsennpp  made 
good  use  of  lits  opportunities.  \'i)ntors  to  the  Ruiuian  exhibit  at  the  World's 
Pair  will  rvcoll  the  beautiful  photographd  contributed  by  Professor  Glasenapp  of 
tbe  picturesque  Mountnin  Observatory  at  Abastuman.  &.  w.  ». 


Eccentricity  of  the  Orbit  of  the  CompsnIOD  to  Algol.— In  llie  ease  of  Aljfol,  the 
U>tal  duration  of  pha^c,  1.  e,,  the  interval  l>etM'em  the  time  when  the  Itght  begins 
lo  diminisb,  and  its  complete  rcstoratioa.  most,  at  least  approxtmalely,  coms> 
pund  lo  the  interval  between  tirst  and  lost  cootuct,  speaking  of  the  phase  as  a. 
jmrtial  eclipse.  This  must  be  the  time  taken  by  the  rompanton  to  describe  an  art 
equal  in  length  to  tbe  sum  of  its  own  diameter  and  Algol's.    If  the  orbit  is  cireu- 


News  and  Notes.  517 


lar,  this  time  will  be  the  same  for  all  parts ;  but  if,  ss  is  more  proababtc,  it  is  ec- 
centric, the  time  will  vary  owing  to  the  varying  velocity;  and  if  it  is  as  eccentric 
as  is  usual  in  the  case  of  binary  stars,  the  times  for  different  parts  must  vnry  very 
considerably.  If,  then,  there  is  a  secular  variation  of  periastron,  the  different 
minima  will  correspond  to  different  parts  of  the  orbit,  and  there  onght  to  be  a 
variation  in  the  duration  of  the  phase. 

But  there  is  an  observed  variation  in  the  intervals  lx;twecn  the  phases;  and 
from  this  fact  Chandler  has  proved  that  there  is  a  third  invisible  memljer  of  the 
system,  and  has  calculated  its  distance  and  mass.  This  third  body  must  perturb 
the  close  companion,  and  in  particular,  must  cause  a  rotation  of  periastron. 

Knowing;  the  mass  and  distance,  the  amount  of  this  ijerturbation  could  be 
calculated  on  different  assumptions  as  to  the  form  of  the  orbit,  and  in  this  way 
the  eccentricity  deduced,  if  there  have  l>ecn  any  observed  irregularities  in  the  dura- 
tion of  the  phase;  if  none  have  l>een  noticed,  it  seems  to  me  that  it  would  lie  well 
to  observe  the  duration,  in  the  hope  that  at  some  future  time  the  eccentricity 
could  be  computed. 

Of  course  the  variation  of  periastron  may  be  so  slow  that  no  observable  ef- 
fect would  l>c  produced,  except  in  a  very  Ions  space  of  time,  but  it  seems  to  me 
that  it  is  not  unlikely  to  Ijc  fairly  rapid. 

There  are  two  other  j>crturbatious  which  would  cause  a  change  in  the  dura- 
tion of  phase,  viz.:  (1 )  au  alteration  in  eccentricity,  (2)  variation  of  the  plane  of 
the  orbit,  causing  the  companion  to  travel  along  a  chord  of  the  disc  of  the  pri- 
mary, more  or  less  remote  from  a  diameter,  than  the  one  it  traverses  now;  this 
would  alter  the  magnitude  of  the  phase  as  well  as  its  duration. 

Chancy  due  to  these  latter  causes  would,  however,  be  much  slower,  and  in 
comparison  insignificant.  J.  K.  HOLT. 

6  Harrington  Street,  Duldin. 


Shape  of  the  Diacs  of  the  Satellites  of  Jupiter.— [n  Dr.  Barnard's  article  on  this 
subject  in  Astronomy  ami  AsTRo-Piivsics  for  April  there  is  an  assumption  which 
will  bear  criticism.  He  considers  that  the  ease  of  detecting  any  malformation  is 
mainly  a  function  of  the  aperture  of  the  teleBcoi>e,  and  consecjuently  decides  that 
the  Arequijja  observations  on  Jupiter's  satellites  must  stand  or  fall  by  the  verdict 
of  the  Lick  instrument.  Since  the  ellipticity  of  a  disc  does  not  vary  with  the 
aperture  there  can  exist  only  the  minor  differences  of  size  and  brilHancy  of  image 
tjctween  the  Arcrjuipa  and  the  Uck  observations.  The  i>ower  used  in  Arrquipa 
was  700  or  more  and  the  ajierturc  13  inches.  Dr.  Barnard  used  a  power  of 
1,000  or  more  with  au  aperture  of  3G  inches.  The  discs  he  saw  were  therefore 
one  and  one-half  times  as  large  and  their  brilliancy  nearly  four  times  as  great, 

The  most  favorable  conditions  of  light  and  size  of  image  for  detecting  ellip- 
ticity must  vary  with  the  observer.  According  to  my  recollection  of  the  appear- 
ance of  the  satellites  at  Arcquipa,  IV  niJLfht  have  been  brighter  to  advantage, 
while  I,  II,  and  111  were  bright  enough  to  satisfy  all  the  needs  of  <d}servatioii;  and 
it  seems  to  me  quite  possible  that  mnch  increase  would  have  rendered  their  shape 
ini>rc  difficult  of  observation  through  irradiation.  In  the  matter  of  si/e  of  image 
the  Lick  telescope  had  the  .-idvantage.  yet  it  was  not  very  great.  To  express  it 
roughly  Dr.  Harnnrd  saw  the  discs  about  one-half  of  the  apparent  diameter  of 
our  Monn  to  the  naked  eye,  and   we  saw  them  one-third  of  the  same. 

I  desire  also  to  call  atU-tili'in  to  the  marked  difference  between  individuals  in 
their  power  of  observing  niiuule  elliptieilies  After  I  had  for  some  time  seen  I 
elliittical,    I  observed  II  ninny  times  before  acknowledging  that  it  was  not  per- 
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mantmtly  round,  tliiaking  Professor  W.  H.  Ficfccring  raiBtaken  in  Ms  oljservations 
on  it.  Vet  after  a  time  my  eye  seemed  to  acquire  the  power  of  seeing  small  errarB 
in  shmpe  and  our  position-angles,  taken  tndcpcndcnCly,  rarely  exhibited  unrccison- 
abJc  diaagr cement. 

I  conclude  therefore  that  thus  far  no  very  (jreat  advantage  lies  with  the  great 
aperture  of  tlie  Lick  telescope,  fln-rl  that  atmospheric  goxiclitions  (having  regard 
to  the  diameter  of  the  lens,  because  a  larger  lens  requires  a  more  steady  atmo- 
sphere) and  individuality  of  the  ohaervcr,  enter  Hardly  into  this  question.  Aa 
Professor  Holden  says,  "everything  is  not  yet  settled  with  respect  to  Jupiter'* 
Satellite  avstem."  a.  b.  douglasis. 

Lowell  Observatory,  PlagstafF,  Aritona,  May  6th,  1S9*- 


Hote  Relative  to  /3  roi,  9  Argus,  a  =  7*' 46% -1  ^— 13"  35'.— In  No.  116  of 
Astronomy  anu  Astro-Puysics,  Mr.  Burnham  has  derived  iur  this  star  an  orljit 
which  indicHtes  extraordinarily  rapid  -niotion  of  the  coniponents  during  the  past 
two  years.  This  motiau  is  confirmed  by  the  ftiHowiny  obstrvaiioua  which  t  have 
made  with  the  40  cm.  equatorial  uf  tljc  Washbtirn  Observaiorj-. 
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Tlie  measured  tlisUiJicc  ayreta  well  with  the  cphemeris  givLMi  hv  Professor 
Ghiseiuipp,  Monchiy  Nutkcs,  March  18'J4-,  hut  the  posiliun-ainile  is  eleven  rlegrees 
greater  than  is  given  by  the  ephcmeris.  ueonrtB  c.  comstuck. 


Comet  Medals,  [n  linglish  Mechanic  April  27,  1894  onr  PMcellent  (ricnd  W. 
F.  Denning,  of  Englnnd,  upt>ear3  to  he  guilty  of  aeientific  heresy.  The  cberfK 
is  bfiseri  on  the  folloAving  paragraph,  page  220; 

"1  have  wricten  to  Professor  Holdet4  of  the  Litk  Oliscrvatnry  declining  the 
Comcl  medal  of  the  .^f.troiioniica]  Society  of  the  Pacilic.     1  qujle  fjiit  to  fif>pte- 
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of  Northwestern  University,  Bvanston,  III.,  Professor  G.  W.  Hough,  President,  in 
the  chair. 

Professor  Henry  Crew  read  the  first  paper  of  the  evening  on  "  The  Concave 
Grating  and  its  Relation  to  Spectroscopy,  illaatrated  by  Apparatus  in  the  Labor- 
atory." The  si>eaker,  in  introducing  his  subject,  sketched  the  work  of  Fraun- 
hofer  on  S[iectra,  and  discussed  the  early  work  of  Rutherford  and  others  in  con- 
structing gratings  for  sptitroscopic  purposes.  He  developed  the  principal 
formultc  employed  in  the  theory  of  the  grating,  and  showed  how  the  whole 
theory  of  the  spectroscope  followed  from  one  formuln.  He  then  spoke  of  the  in- 
vention of  the  concave  grating  by  Professor  Rowland,  who  had  also  perfected 
his  discovery  both  theoretically  and  ])ractically.  Dr.  Crew  explained  by  diagrams 
the  construction  and  use  of  the  apparatus,  and  pointed  out  its  particular  advan- 
tages, esiKciully  in  securing  a  normal  spectrum.  After  explaining  the  mathemati- 
cal theory  of  the  apparatus,  the  speaker  invited  the  members  of  the  Academy  to 
the  Laboratory,  where  he  cxhibitt-d  the  practical  working  of  a  fine  concave  grat- 
ing. 

The  second  paper  of  the  evening  was  read  by  Professor  Malcolm  McNeill  on 
'•  Ttie  Life  and  Works  of  Kepler."  The  speaker  gave  an  interesting  account  of 
Kepler's  youth,  his  education,  and  his  early  religious  dissent,  which  influenced  his 
whole  career  and  caused  him  to  he  continually  persecuted,  although  ever  since 
leaving  the  Tniversity  of  Tubingen  he  had  desired  an  official  position  in  the 
church.  ['rotcssor  McNeill  then  (rave  an  account  of  Kepler's  relations  with 
Tyclio,  and  alluded  to  the  great  difficulties  he  afterwards  encountered  in  securing 
the  use  of  Tycho's  manuscripts  from  his  heirs.  He  theti  sketched  the  career  of 
Kepler  in  discovering  the  laws  ot  jdanetary  motion,  and  pointed  out  the  difficul- 
ties which  wi-re  continually  encountered  and  finally  overcome. 

The  siM-akcr  called  ntlenlinn  to  the  iniportnnce  of  Kepler's  discovery  that  the 
planes  nl  tlie  orbits  of  the  pt.mets  pass  through  the  Sun,  and  remarked  that  the 
order  ot  Kepler's  laws  its  ordinarily  given  is  not  historically  correct,  the  law  of 
eijual  areas  lieing  the  first  discovered.  lie  said  tliiil  Kepler  had  worked  twenty- 
two  yeavss  on  the  hnrmoiiic  law,  the  s<iuarcs  ol  the  times  of  revolution  are  as  the 
culies  of  the  niiijor  axes,  and  that  lie  had  regitrded  this  as  his  principal  discovery, 
Kepler's  uiantiscripls  had  been  ])rcservcd,  and  finally  secured  by  the  Empress 
Catherine  ol  Hn^-sia.  so  that  they  are  now  preserved  in  the  Observatory  of^  Pul- 
kowa.  Thf  Opera  Untniii  edited  by  Fritchc  gives  the  most  authoritative  informa- 
tion regsiriling  Kepler  and  liis  splendid  discoveries,  which  laid  the  foundation  for 
Newton.  I'rolcssor  McNeill  wns  of  the  opinion  that  while  Kepler  had  the  true 
spirit  of  a  di^coveier,  he  had  also  the  character  of  a  mystic,  and  that  theiic  two 
traits  ajuKJir  clcjirly  in  liis  writings. 

-After  some  discussion,  the  section  withdrew  to  the  Dearborn  Observatory, 
where  the  IR-iiich  telesco)K-  was  placed  at  the  disposal  of  the  members.  tf. 
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PUBLISHER'S  NOTICES. 

The  subscription  price  to  Astrohouv  and  Astro-Physics  in  the  United  States' 
and  Cannda  is  $4,00  per  year  in  advance.  For  foreif^n  countries  it  is  £1  or  20.60 
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PHOTOGRAPHIC  13KTBRMI NATION  OF  STELLAR  MOTIONS.' 


BtiWARl)  C.  nCKERINU. 


A  great  advaiit4igc  of  photojrraphy  as  a  tiieans  of  studying  as- 
tronomical phcnonicna  is  the  cnse  with  wliici)  a  vast  number  of 
facts  may  be  cullected.  Thuse  facts  are  rcconlecl  in  permanent 
form  and  later  may  be  dedttccd  or  verified.  An  attempt  has  ac- 
coi-dingly  liccn  muile  at  tlic  Harvard  College  Obser\*iJtory  to  de- 
tect by  photography  stars  undergoing  considerable  change  in 
position  cither  owing  to  parallax  or  proper  motion.  Two 
methods  have  been  employed  for  many  years  in  conipnriui;  photo- 
graphs of  the  same  parts  of  the  sky.  First,  by  siiperiwsing  two 
negatives  of  the  same  region,  in  which  case  the  images  of  the 
stars  will  form  curious  sets  of  concentric  circles,  if  the  plates  are 
not  exactly  oriented.  Since  the  two  tilms  arc  separated  by  the 
the  thickness  of  one  plute  of  glass,  small  differences  in  position 
cannot  readily  be  detected  in  this  way.  Secondly,  if  a  contact 
print  is  made  from  one  iiegntive  and  the  other  negative  is  super- 
posed un  the  positive  thus  formed,  the  dark  images  of  one  plate 
should  fill  the  light  spaces  in  the  other,  and  give  a  nearly  uniform 
surface.  In  actual  practice  this  method  was  found  here  less  satis- 
factory than  might  be  anticipated,  although  highly  recommended 
by  Professor  Barnard  {.4s(ron.  Xuch.  C.VXX,  77).  A  cluster  ap- 
pears to  be  the  best  object  tor  this  method.  If  the  plates  are  not 
exactly  superposed  each  star  appears  to  project  slightly  from  the 
backgroimd  and  to  cast  a  shadow  on  one  side. 

A  tliird  method  has  accordingly  been  tried.  A  photographic 
plate  is  placed  in  the  plate-holder  with  the  film  side  away  from 
the  objective,  the  photograph  Ixring  taken  throngh  the  glass.  The 
character  of  the  images  thus  obtained  does  not  seem  to  be  af- 
fected. Theoretically,  the  plate-holder  should  be  moved  towards 
the  objective  by  two-thirds  the  thickness  of  the  j^late,  but  this  cor- 
rection is  scarcely  [lercciHible,  with  a  large  teiescojKr.  When  such 
a  photograph  is  super]H}scd  ujwn  a  photograph  taken  in  the  ns- 

'  Commntli«nU^d  by  tlw  Amhor. 


ual  way,  the  two  films  being  placed  tagetlier,  nil  the  iiiinfjes  nf 
one  shouIJ  appear  to  coincide  wit.li  tliose  of  the  other  the  differ- 
ence in  the  pl.'ines  of  the  two  images  not  being  noticeable  even 
when  viewed  under  a  considerable  nmgniK'ing  power. 

This  last  method  has  been  in  use  for  the  past  three  years  at  the 
Harvard  College  Observatory  with  the  ll-ineh  Draper  telescope 
at  Cambridge  and  with  the  13-ineh  Doydcn  tclescofje  at  Arequipn. 
A  number  of  objects,  about  n  bundre<l  and  fifty  in  all,  have  been 
selected,  inclnding  variable  stars  of  long  period,  of  short  period, 
Algol  stars,  stars  whose  spectrum  is  of  the  third,  fourth  or  fifth 
type,  binary  stars,  stars  having  large  pro[>er  motion,  etc.  The 
two  dates  are  computed  on  which  the  longitude  t>f  the  Siin  should 
differ  90-  from  thelongitnde  of  each  of  tliesc  objects.  Within  a 
few  days  of  each  of  these  dates,  two  photographs  are  taken  one 
with  the  fdatc  in  the  usual  position,  the  other  with  its  6hn  rc< 
versed.  Oenerally,  an  exposure  of  about  ten  minutes  was  given 
to  each.    TJie  first  of  these  plates  was  taken  in  August,  1891. 

The  examination  is  made  by  superposing  one  plate  upon 
another  taken  six  mouths  later  and  Jii  the  opposite  position. 
Thus  a  plate  taken  in  January  with  the  film  turned  toward  the 
objective  is  placed  upon  the  plate  taken  in  July  with  the  film 
turned  from  the  objective.  The  other  Lwo  plates  are  also  super- 
posed. Instead  of  making  the  images  exactly  coincide,  one  plate 
is  moved  so  that  all  of  its  images  shall  be  exactly  north  of  those 
on  the  other  plate  by  a  very  small  amount,  for  example,  10". 
The  plates  then  appear  to  be  covered  with  double  stars  ha^'i^g^ 
the  same  position  angles  and  distances  with  componcuts  nearly 
eipia!  in  brightness.  If  now  the  two  images  of  any  star  ilitfer  in 
brightness  it  may  Ixr  variable.and  if  the  position  angle  is  difl'erenl 
from  that  of  the  adjacent  stara  it  may  be  snsiKrcted  of  proper  mo- 
ti(m,  or  of  sensible  parallax.  In  any  case,  confirmation  maybe 
obtainctl  at  once  from  the  other  pair  of  plates.  A  third  pair  of 
l)latcs  should  always  be  taken  one  or  more  years  after  one  of  the 
first  dates  atid  thus  serve  to  distinguish  between  parfdlax  unci 
proper  motion.  In  the  actual  examination  a  microscope  is  used 
having  a  field  rather  more  than  a  centimetre  in  diameter  and  tra- 
versetl  by  a  vertical  cross-wire.  Sweeps  arc  made  moving  the 
plate  in  right  ascension, and  after  each  sweep  changing  the  declin- 
ation by  moving  the  plate  one  centimetre  at  a  lime,  until  the 
whole  plate  has  been  examined.  As  each  star  in  turn  is  brought 
past  the  cross-wire  the  direction  of  the  lire  connecting  its  com- 
ponents is  determined  with  much  accuracy.  The  diameter  of  the 
images  should  not  exceed  two  to  four  seconds  of  arc  aud  they 


may  tx>  placed  about  ten  seconds  apart.  A  parallax  of  half  h  sec- 
ond will  tlien  clia)ig:e  the  position  angle  hy  about  live  degrees,  u 
very  noticeable  qunntity.  The  conditions  under  which  the  plates 
art  taken  give  nenr(\-  the  maximtim  value  of  the  diHplaccnient  in 
rijijht  nsccujion  due  to  parallax.  This  corresponds  to  a  change  in 
position  nngle  to  which  the  eye  is  mnch  more  sensitive  than  lo 
chan}*es  in  distance-  Any  susfiected  objects  nre  marked  upon  the 
photographs  and  confirmed  or  not  on  the  other  plates.  If  the 
change  in  position  is  real,  the  some  method  may  be  used  wttb 
gre.ii  advantage  for  determining  its  amount.  In  the  usiiai 
method,  it  is  necessary  to  measure  the  position  of  cueh  star  from 
several  adjacent  companions  which  involves  nicasurenicnth  of  sev- 
eral liuntired  sctonds  and  the  application  of  various  corrections 
for  difference  of  »cale,cricnlalion,  dilTcrentiiil  refraction,  etc.  The 
results  arc  iheu  brought  together  and  the  outstanding  dill'crenccs 
arc  discussed.  In  the  present  case  the  work  is  purely  differential. 
We  have  only  to  measure  the  position  angles  and  distances  of 
what  ap[>cor  to  be  double  stars  whose  components  arc  nearly 
efjual  and  to  which  any  convenient  position  angle  and  distance 
may  be  given.  Personal  ccpiatiun  dependent  on  position  angle  is 
e\'idcnlly  eliminated.  Such  effects  as  diftiercncca  in  scale  of  the 
two  plates,  error  in  orientation  and  dilVerential  refraction  then 
appear  only  as  linear  terms  whose  values  arc  readily  determined. 
Incidentally  an  inspection  of  these  plates  shows  that  no  slipping 
of  the  lilm  is  sensible,  but  such  a  source  of  error,  if  it  occurred, 
would  afTcet  all  determinations  of  position  from  photographs. 
Although  considerable  progivss  has  been  made  in  taking  the  pho- 
tographs much  time  has  not  yet  been  si>cnt  in  studying  them.  An 
examination  has  l»een  made  by  Miss  L.  Li.  Wells  of  1436  stars  on 
eight  pairs  of  plates,  and  shows  that  probably  none  of  these  stars 
have  a  parallax  of  as  much  as  half  a  second.  Ordinarily,  a  pair 
of  plates  can  be  examined  in  about  half  an  hour. 

A  preliminary  measure  of  the  positions  of  the  images  of  eight 
stars  in  the  vicinity  of  the  variable  star  T  CassioiJeia:.  gave  the 
average  deviation  of  the  uncorrected  difTcrenccs  0".23  which 
would  correspond  to  t  probable  error  in  the  parallax  of  but  little 
over  a  tenth  of  a  second  as  derived  from  measures  of  a  single  pair 
of  plates. 

Evidently  in  a  few  years  the  value  of  these  plates  will  be  greatly 
increased  as  a  means  of  measuring  proper  motions.  In  ten  years 
the  work  should  lie  rciwalcd  and  a  projier  motion  of  one-tenth  of 
a  second  would  then  give  a  displacement  of  a  second,  vvliich,  as 
shown  above,  would  be  readily  delected  by  inspection  and  cuald 
be  measured  with  accuracy. 


The  question  has  presented  itself  how  far  it  may  be  best  to  pho- 
tograph the  entire  sicy  with  the  Bruce  telescope  with  plates  iti 
both  positions,  for  determiniiiR  the  proper  motion  of  large  nura- 
bens  of  stars;  The  adx-antages  of  this  method  increase  in  many 
respects  with  the  focal  length  of  the  telescope.  The  case  with 
which  pliotograjihs  snitftble  for  this  work  may  be  taken  with 
any  photographic  telescope  is  the  reason  for  the  present  publica- 
tion of  a  description  of  this  method. 

llAWVAHn  CoLT.H«K  OnsiiRVATORY,  Cambridge,  V.  S. 
Ji:ly8,  1894.  ~ 


AN  ELECTRICAL  CONTROL  FOR  THE  EQUATORIAL.' 


R.  W-  aODOH. 


The  incrcaHcd  application  of  photography  to  astronomical 
work,  makes  it  desirable  to  secure  uniform  motioo  for  the  tele- 
8co{k:  with  whicli  the  photographic  plate  is  connected.  It  is  not 
only  necessary,  however,  to  secure  uniform  motion,  but  tliis  mo- 
tion must  l>e  precisely  the  same  as  the  apparent  diunml  motion 
of  the  heavens. 

The  use  of  electricity  for  controlling  the  etjuatnrinl  is  uut  new  ; 
during  the  past  few  years  a  numtier  of  instruments  have  been 
provided  with  electrical  attachments  of  various  kinds.  In  the 
application  of  the  eleclro-tnagiiet,  to  the  telescope,  however,  no 
new  principles  are  involved  which  were  i}ot  worked  out  tnnny 
years  ago  in  connection  with  the  chronograph. 

More  than  ten  yenrs  ago,  Professor  S.  W.  Uurnhani  and  myself 
discussed  the  feasibility  of  an  electrical  control  for  the  1814-inch 
refractor  of  the  iJenrborn  Observatory;  bnt  so  long  as  the  dri- 
ving-clock ran  fairly  well,  1  did  not  appreciate  the  importance  of 
anything  better,  and  hence  nothing  was  done  in  the  matter. 

The  driving-clock  of  the  18V^inch  is  a  Bond  spring-governor 
— this  apparatus  by  means  of  occasional  repairs  and  ailjusttnents 
ran  perhaps  as  well  as  a  majority  of  such  appliances.  The  rate, 
however,  changed  from  night  to  night,  and  in  cold  weather  the 
change  of  rate  was  so  considerable  as  to  become  a  source  of  great 
annoyance  in  making  micrometer  measures. 

An  electrical  control  for  securing  uniform  circular  motion,  was 
first  applied  in  1841),  to  a  disk  chronograph,  by  Professor  O.  M. 
Mitchel,  Director  of  the  Cincinnati  Obser^'atory.   Professor  Mitch - 

*  Communicated  by  the  Author. 


el  applied  the  electro-magnet  directly  to  the  driving  shaft  oi  the 
chronograph  and  hence  it  was  required  to  be  of  sufficient  power 
to  siiRtain  the  whole  of  the  driving  weight  if  necessary.  During 
my  use  of  this  chronograph,  it  occurred  to  me  that  much  less 
work  would  he  required  to  Iw  done  by  the  clcelro-magnet,  pro- 
vidcd  the  conlroHing  power  was  applied  to  a  rapidly  rcvolWng 
shaft. 

In  1869,1  constructed  a  recording  chronograph,  in  which  the 
electrical  control  was  applied  to  a  shaft  revolving  once  each  sec- 
ond. I  subsequently  used  the  same  method  for  my  recording  and 
printing  chronographs. 

A  short  time  since  I  conclnded  to  apply  the  same  control  to  the 
ISV^-inch  equatorial  of  the  Dearborn  Observatory.  Aa  this 
method  of  control  is  exceedingly  simple  and  is  also  positive  In  its 
action,  a  description  of  its  salient  features  may  be  of  value. 

The  pendulum  and  escapement  arms  of  the  driving-clock  were 
removed  and  an  electro-magnet  subslitutc<1  as  shown  in  the  din- 
gram.  The  office  of  the  arm,  E,  of  the  electro-magnet,  M,  is 
simply  to  hold  the  clock-work  until  unlocked  by  the  operation  of 
the  electro-magnet,  The  clock-train,  in  this  nppnratus  is  con- 
trolled by  a  fan.  and  is  rcgulatcti  to  always  run  fast.  The  rate 
of  the  telescope  driving  train,  when  controlled  by  theelectro-mag- 
ncl,  must  therefore  be  precisely  the  same  as  the  rate  of  the  clock 
which  operates  the  clcctro-mngtict,  M.  In  other  words  the 
control  is  absolute;  the  onlyerror  licing  in  the  imperfection  of  the 
worm-gear.  The  shaft  which  is  locked  by  the  electro-magnet 
makes  a  revolution  in  about  1.016  seconds  and  hence  the  stan- 
dard clock  for  operating  the  magnet  must  be  rated  to  lose  ajh- 
proximately  GO  seconds  hourly  on  sidereal  time.  The  clock  used 
in  connection  with  the  equatorial,  has  a  compensated  seconds* 
pendulum  and  Graham  cscaiKment.  As  this  control  has  been  in 
nse  only  a  short  time,  the  error  due  to  the  worm  has  not  been 
ascerluiued  with  great  precision;  it  will,  however,  nppromimate 
10"  of  are. 

For  micrometer  work  a  slight  irregularity  in  the  motion  is  a 
matter  of  no  cooscqucncc,  but  for  photography,  the  worm  should 
be  as  perfect  as  possible. 

The  following  is  an  average  specimen  of  the  performance  of  the 
driving-clock  controlled  electrically. 

The  first  column  is  the  sidereal  time,  the  second,  the  displace- 
ment of  a  star  as  measured  with  the  micrometer. 
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Some  New  Forms  of  Double- Motion  Mechamsm. 
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From  this  table  it  is  seen  that  the  ranximura  due  to  the  worm 
tlisplncement  of  ^l-S  minutes  was  9"  of  arc.  The  displHcement 
would  be  no  greater  than  this  for  any  interval  of  tinie. 

I  have  made  stellar  photographs  of  theeluster  in  Caneer,  with 
the  finder  47-inch  focus,  with  an  exposure  of  20  or  30  minutes, 
without  acljustnieiit  during  the  exposure. 

The  star  disks  appear  practically  round  when  examined  under ^ 
a  microscope. 

For  short-focus  star-cameras,  the  displacement  due  to  imper- 
fections in  the  worm  would  be  a  matter  of  no  moment,  and  it 
seems  feasible  to  make  such  photographs  automatically,  and 
without  the  constant  attention  of  the  astronomer. 

There  are  in  the  I'nited  States  a  number  of  Clark  telescopes 
provided  with  the  Bond  spring-governor,  which  may  be  electri- 
cally controlled  at  a  very  trifling  expense.  No  change  is  required 
in  the  clock-work,  but  simply  to  lock  the  revolving  arm  on  one 
side  only,  by  means  of  an  electro-magnet,  in  place  of  the  escape- 
ment arms  which  are  removed. 

The  advantage  of  the  absolute  control  for  ordinary  micrometer 
work  is  so  great,  that  any  one  who  has  used  this  method  would 
not  be  satisfied  with  a  spring-governor,  or  any  other  ft>nn  of  un- 
stable control. 

The  spring-governor,  as  is  well  known,  locks  the  train  twice 
every  second,  and  theoretically  is  better  than  a  seconds'  con- 
trol, but  practically,  both  for  the  chronograph  and  the  ctpia- 
torial,  it  is  not  necessary.  The  disturbance  of  the  telescope, 
even  with  the  highest  magnifying  power,  is  scarcely  perceptible, 
when  the  locking  is  performed  only  once  each  second.  Ily  using  a 
double  locking  arm,  however,  and  a  half-second  pendulum  for 
operating  the  elcctro-tnagnet,  this  objection  is  removed. 

i-or  a  long  focus  telescope  like  the  36-inch  Lick  or  the  40-inch 
Ycrkes  of  Chicago,  theoretically  a  half  second  control  would  be 
preferable.  Owing,  however,  to  the  vibrations  of  a  long  tulx'  by 
the  wind,  one  ctionot  secure  very  great  stability  vnih  the  ordi- 
nary equatorial  mounting,  and  hence  the  disturbance  doe  to  the 
control  is  hardly  worth  consideration. 

In  the  January  and  April  numbers  of  this  jonmal,  Professor  W. 
H.  Pickering  and  F.  L.  O.  Wadsworth  have  propose<l  the  use  of 


an  electric-motor  as  the  prime  mover  to  carry  an  equatorial  tele- 
scope. The  use  of  nn  electric-motor  for  wiuding  the  clock  nnd  for 
shifting  the  telescope  or  other  apparatus,  in  many  cases  is  of 
great  valne  nnd  is  to  be  commended;  but  its  use  as  a  prime  mover 
for  sccnrinEf  uniform  motion  at  a  fixed  rate  of  speed,  in  my  opin- 
ion is  not  a  promising  problem.  The  speed  of  the  motor  will  de- 
pend on  the  electro -motive  force  of  the  circuit  which  is  not 
constant. 

An  electric-motor  has  already  been  used  as  the  prime  mover  for 
a  chronograph. 

About  forty  years  ago  it  was  thotight  that  a  true  gravity 
pendulum  could  be  secured  by  emplojHng  an  electro -magnet  to 
unlock  the  gravity  arm.  In  neither  of  the  cases  above  mentioned 
was  the  result  satisfactory,  for  the  reason  that  the  strength  of 
the  electric  current  is  not  the  same  for  any  considerable  period. 

If  a  motor  is  used  to  drive  the  telescope,  nothing  would  be 
saved  in  the  way  of  clock  gearing,  and  I  imagine  the  control  for 
rate  would  be  more  difficult  than  if  gravity  from  the  fall  of  a 
weight  were  employed. 

In  the  practical  use  of  an  equatorial,  the  great  desideratum  is 
a  driving-clock  which  will  start  instantly  and  carry  the  telescope 
at  a  uniform  and  fixed  rate.  In  my  experience,  I  have  lost  u  good 
deal  of  time  and  occasionally  important  observations  from  the 
had  performance  of  the  driving^lf>ck.  If  a  driving-clock  is  u»ed 
which  will  take  care  of  itself,  then  one's  whole  attention  can  lie 
given  to  observation. 

f>nARiK)RN  OnsKHVATORV,  Northwestcm  I'niversitj-, 
Mnv  14th.  1894. 


SOMB  N£W  FORMS  OF  DOQBLE  MOTION  MECHANISM.* 
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I  have  used  Che  term  Daahle  Motion  Mechanism  to  designate 
that  fumi  of  mechanical  movement  used  in  spectroscope  slits,  as- 
tronomical rcfracto meters,  and  similar  pieces  <>1  apparatus,  for 
moving  two  jaws  urciirriagcs  simultaneously  in  upiioaitc  direc- 
tions, at  the  Rarae  speed.  The  usual  mechanism  employed  far 
this  purjKise  consists  either  of  a  ri^ht  and  left  hand  screw  luiigt- 
tudinably  tixed  and  working  in  nuts  on  the  movable  carriages, or 
a  system  of  link  work  symmetrical  about  the  central  line  from 

*  Cammiinkiitnl  l>v  thrnuthor. 


which  the  motion  takes  place.  Hach  fomi  of  mechanism  has  dis- 
advantages jKCuhar  to  itself,  and  in  order  to  brinjj  out  more 
clearly  the  nature  of  the  improvements  which  it  is  the  object  of 
the  present  paper  to  describe,  the  principal  points  which  will 
govern  the  choice  of  a  mechanism  for  this  particular  purpose  will 
be  briefly  considered.    They  arc: 

1.  Accuracy  of  movcment. 

2.  Kase  and  rapidity  of  movement. 

3.  Compactness  of  mechanism  for  a  given  range  of  movement. 
4-.    Simplicity  and  cheapness. 
As  re^fards  the  6rst  of  these  points,  the  scrtw  system   is  mc. 

chanically  superior  to  any  form  of  link  mechanism,  because  of  the 
number  of  points  at  which  errors  due  to  imperfect  fitting  are 
possible  in  the  latter.  Indeed  it  is  now  possible  by  Rowland's 
method  to  make  a  single  screw  accurate,  so  far  as  uniformity  of 
pitch  is  concerned,  to  almost  any  required  degree.  The  slight  dif- 
ference in  pitch  betwflcn  the  right  and  left  hand  portions  of 
the  screw  may,  if  great  accuracy  is  required,  be  compensated  by 
making  the  driving  nuts  independent  and  separate  from  the 
driven  jaws  or  carriages  (as  in  a  dividing  engine),  and  suitably  in- 
clining or  curving  the  guides  along  which  the  tail  pieces  of  these 
outs  slide.  The  main  cause  which  tends  to  inaccuracy  in  the  use 
of  the  screw  is  the  necessity  for  placing  it.  in  most  cases,  un- 
synimctrically  with  respect  to  the  guides  for  the  carriage,  in 
order  to  avoid  obstructing  the  central  part  of  the  field.  Then 
the  point  of  application  of  the  driving  furce  is  much  nearer  one 
side  of  the  carriages  than  the  other,  and  there  is  in  con»e<incnce  a 
tendency  to  twist  the  latter  in  their  ways,  which  can  only  l>e  pre- 
vented by  making  the  bearing  surface  very  long,  or  by  using 
spring  gibs,  weights,  or  equivalent  mechanical  means  for  bring- 
ing the  center  of  resistance  to  motion  into  the  line  of  appli- 
cation of  the  driving  force.  The  first  and  better  method  in- 
creases the  necessary  size  and  bulk  of  Uie  instrucneni,  and  the 
second  is  unmechniiical,  while  both  considerably  increase  the 
friction. 

As  regards  ease  of  motion  there  is  no  question  of  the  superior- 
ity ofa  well  designed  and  a  well  constructed  system  of  link  work, 
for  not  only  may  the  driving  force  be  more  directly  and  centrally 
applied,  but  the  links  which  move  the  curriages  may  also  be  used 
to  support  and  guide  them,  and  all  sliding  friction  thereby 
avoided.  The  motion  too  is  more  perfectly  under  control  than 
with  the  screw,  and  may  be  made  much  more  rapid  without  in- 
creasing the  tendency  to  vibration  or  jar.    Unfortnnatcly,  if  any 
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coiisidcrnbte  range  of  motion  has  to  be  pro\'i<Icfl  for,  tlie  ncccs- 
sary  link  mechanism  becomes  bulky  find  cumbcrRomc,  nnd  if  com. 
pactncss  isessentiHithe  screw  is  almost  a  necessity.  The  Inst  point 
is  however  of  minor  importance  except  in  the  case  of  large  instru- 
ments when  it  needs  to  be  carefully  considered. 

The  fourth  point  is  worthy  of  more  consideration  than  it  ordi- 
narily receives.  Upon  the  simplicity  of  the  mechanical  design 
de|»ends,  in  the  first  place,  its  successful  operation  under  the  severe 
conditions  of  actual  usa^e.  It  may  be  taken  almost  as  a  general 
principle  that  a  change  of  design  or  construction  which  cheapens 
first  cost  without  impairing  efficiency,  makes  the  instrument 
simpler  and  to  that  extent  more  reliable.  To  explain  more 
clearly  what  is  meant  by  dimishing  cost  without  impairing  effi- 
ciency, it  may  l)c  stated  that  work  which  can  be  done  on  the 
lathe  is  in  general  cheaper  and  at  the  same  time  more  accurate 
than  work  finished  on  the  planer  or  milling  machine,  and  that 
parts  so  shaped  that  they  may  be  made  up  from  standard  stock 
material  cost  much  teas  than  they  would  if  they  required  8]}ecial 
castings  to  l>emade  for  them.  Unfortunately  the  scientist  who 
designs  the  instrument  is  not  usually  acquainted  with  the  details 
of  the  mechanieal  work  and  is  therefore  unable  to  determine  the 
best  and  cheapest  construction  for  the  whole  or  lor  any  given 
part,  while  the  mechanic  on  the  other  hand,  while  perfectly  pre- 
pared to  answer  the  latter  question  when  he  fully  understands 
the  purpose  to  Ik*  achieved,  is  ofttimcs  liable  to  make  grave  blund- 
er* if  left  to  work  out  details  by  himself. 

As  to  relative  cheapness  and  simplicity  of  these  two  fonns  of 
mechanism  much  depends  on  the  particular  instrument  tn  which 
it  is  to  lie  used.  In  general  the  link  form  will  be  cheapest  and 
simplcTit  in  those  instnm)ents  not  re(|uiring  great  accuracy,  nor 
involving  a  targe  range  of  movement,  and  the  screw  form  in  in- 
struments wheix-  these  latter  qualities  are  of  primary  importance. 

From  wliat  has  preceded  it  is  evident  that  the  point  ol  greatest 
advantage  possessed  by  the  link  form  of  mechanism  is  the  case 
and  sniooltiness  of  motion,  and  that  its  greatest  point  of  disad- 
vantage is  its  bulkiness  and  want  of  accuracy.  The  problem  with 
it  is  to  comljine  compactness  with  a  large  range  of  motioit. 
and  accuracy  with  case  of  motion  nnd  simplicity.  In  the  case 
of  the  screw  tiie  main  ]»robIcm  is  to  fjcture  a  central  drivinjj; 
action  on  the  carriages.  To  show  how  these  objects  have  been, 
to  some  degree,  at  any  rate,  necomptishctt  in  particular  cases,  I 
will  briefly  describe  some  instruments  representative  o(  those 
mentioned  at  the  beginning  of  the  article. 


The  first  one  is  that  form  of  astronomical  re fracto meter  re- 
cently invented  lie  Michelson*  whicli  consists  of  two  moveable 
slits  placed  in  front  of  the  objective  of  an  ordinary  tel- 
escope. In  the  first  instrument  of  this  kind  constructe<lt  the 
slit  ])latcs  were  moved  in  an  oui  hy  means  of  a  right  and  left 
hand  screw  geared  to  a  rod  rnnning  along  the  si<ie  of  the  tele- 
scope CO  the  observer.  Twisting  of  the  slit  plates  by  reason  of  the 
unsymmetrical  position  of  the  screw  was  in  this  case  prevented  by 
the  use  of  spring  gibs  which  held  the  jaws  in  close  contact  with 
the  guide  nearest  the  screw.  This  instrument  was,  however,  un- 
satisfactory in  its  operation  because  of  the  slowness  and  stiffness 
of  the  motion.  To  overcome  these  difficulties  in  the  second  in- 
strument a  form  of  link  work  similar  to  that  used  in  many  spec, 
troscope  slits  was  tried.  This  instrument  is  shown  in  PInte  I. 
The  two  slit  jaws,  A.  B,  are  pivoted  to  and  moved  by  the  double- 
ended  cranks,  C,  D,  which  are  themselves  journaled  on  the  short 
tube  which  slides  over  the  end  of  the  telescope.  If  either  one  of 
these  cranks  nre  tamed  the  other  will  of  course  turn  with  it,  the 
two  slit  plates  acting  ns  connecting  rods,  while  they  themselves 
receive  a  lateral  motion.  In  order  to  make  the  arrangement  as 
compact  ns  jMissiblc  the  j»arts  are  so  arranged  that  the  cranks 
have  fl  motion  through  nearly  180  degrees,  enabling  their  full 
throw  to  he  ntitized.  To  carry  the  driver-crank  past  its  dead  cen- 
ter it  was  necessary  to  gear  the  two  togetlicr  hy  means  of  two 
steel  bands  (shown  by  the  dotted  lines),  which  were  carried  around 
the  cap  by  means  of  two  adjustable  idle  pulleys,  a,  h.  nnd  fastened 
to  two  drums  on  the  crank  shafts.  A  folrling  screen,  HH,  whose 
function  was  to  keep  that  part  of  the  abjective  between  the  slit 
plates  covered,  completes  the  arrangement,  whose  methods  of 
operation  will  be  readily  understood  from  the  drawings  and  the 
description  jnst  given.  Although  far  Iwtter  as  regards  ease  of 
motion  etc.,  than  the  first  instrument,  it  was  not  entirely  sntis- 
fnctory.  Unless  tlie  steel  hands  were  quite  tight,  which  caused 
considerable  friction,  there  was  more  or  less  binding  nnd  stickinf; 
as  the  cranks  passed  through  the  dead  center  position.  Again 
there  was  nothing  to  support  the  slit  plates  at  the  outer  sides, 
except  the  face  of  the  mounting  Jind  there  was  in  cons»|ueDCi 
considerable  h'iction  hcf.vcsn  them  and  this  face. 

In  the  third  nnd  still  larger  12-inch  instrument  with  which  the 
diameters  of  Jupiter's  satellites  were  measured  by  Prof.  Michel- 
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Some  New  Forms  of  Doable-Motion  Mechanism. 


son*  at  Lick  Observatory,  tlies«  last  dilTicutttes  were  completely 
overcome  by  mounting  each  slit  plate  ou  three  cranks  inHtead  of 
two  as  ID  the  previous  design.    A  rough  sketch  ol'  the  instnimei 
is  given  in  the  paper  referred  to  below  but  for  the  sake  of  coi 
parison  and  discussion  the  more  detailed  original  drawings  a^ 
here  reproduced  (Plate  II).  ^. 

In  general,  as  will  be  seen  by  an  inspection  of  the  drawing,  tJ^M 
design  is  the  same  as  in  the  instrument  just  described.  TI^H 
novelty  and  great  improvement  lies  in  the  introduction  of  two 
additional  cranks  or  links,  D,  C,  placed  about  90  degrees  from 
the  two  double-ended  driving  cranks,  A,  B.  Each  slit  plate  there- 
fore swings  on  three  i>oints  of  support,  entirely  eliminating  any 
sliding  friction  between  the  plate  and  the  face  of  the  cap.  But 
the  main  point  of  advantage  which  this  an'angement  possesses 
is  that  with  it  there  is  no  longer  a  point  of  dead  caiters,  and 
hence  not  only  is  the  smoothness  and  ease  of  motion  improved, 
but  the  accuracy  is  also  increased,  as  the  slit  jaws  must  always 
remain  rigidly  parallel  to  each  other  and  at  equal  distance  from 
the  line  joining  the  centers  of  rotation  of  the  two  double-ended 
cranks.  The  only  mechanical  conditions  which  it  is  necessary  to 
fulfil,  are  that  the  six  crank  eiemcuts  shall  be  of  equal  length; 
that  the  two  elements  of  the  double-ended  cranks,  A,  D,  shall  lie 
in  the  same  straight  line,  and  that  the  axes  of  rotation  shall  all 
be  parallel ;  all  of  which  conditions  may  be  fulfilled  to  a  degree  of 
accuracy  at  least  as  great  as  would  be  reached,  with  the  same 
degree  of  labor,  with  any  form  of  screw  movement.  Accuracy, 
however,  is  not  so  important  in  this  case  as  those  qualities  which 
have  already  l>een  pointed  out  as  characteristic  of  link  mechan- 
ism, together  with  that  one  not  usually  possessed  by  it,  viz., 
compactness.  How  far  this  latter  feature  has  been  secured  in  the 
present  design  may  be  judged  from  the  fact  that  when  closed  no 
part  of  the  mechanism,  which  has  a  range  of  motion  equal  to  the 
full  aperture  of  the  telescope,  in  this  case  12  inches,  projects  more  i 
than  3\i  inches  beyond  the  side  of  the  telescope  tube  at  tli^| 
objective  end ;  an  amouut  barely  sufficient  to  allow  the  drivin^i 
rod,  which  passes  back  to  the  observer  at  the  eye-piece  end,  t» 
clear  the  enlarged  central  portion  of  the  telescope  tube. 

It  is  evident  that  the  use  of  three-crank  mechanism,  if  such 
may  be  termrd,  is  of  wide  application.    The  high  efficiency 
link-work  trains,  together  with  their  cheapness  and  durability, 
render  the  use  of  them  extremely  desirable  in  mechanism,  and 

*  Mcasuirmrnt  of  Jnpit«T*B  Satrtlius  hy  liTtrrfcrciicv.    A.  A.  Micbclson-    Pt 
livatioiiE  Dl  the  ArtrononiicHl  Society  of  ihV  I'acitic.  1891,Vol,  III.  p.  274. 


tlwy  would  no  doubt  be  more  universally  nsctl  were  it  not  for  the 
fact  that  special  means  are  usually  requiix'd  to  overcome  the 
dead  points.  In  the  case  of  the  two  shafts  which  arc  to  be 
driven,  one  from  ihc  other,  at  a  constniit  velocity  ratio  (the 
driving  shaft  of  a  locomotive  for  example),  this  is  done  by  plac- 
ing on  each  shaft  two  cranks  set  at  an  angle  to  each  other  (usu- 
ally a  right  angle},  and  u«iing  two  connecting  rods.  The  three- 
crank  mechanism  accomplishes  the  desired  result  in  a  consider- 
ably simpler,  more  comjiact  iind  less  ex^iensive  manner,  since  it 
re(|iiires  only  one  set  of  cranks  and  one  crmneeting  roil.  Simple 
and  ellietent  as  this  device  is  I  have  never  seen  it  deseri)}ed  in  any 
liook  of  mechanical  niovetnents  nor  in  any  previous  publication ; 
imd  if  it  has  been  before  used  it  does  not  at  any  rate  appear  to 
have  been  commonly  known. 

The  other  form  of  double  motion  mechanism  which  I  wish  to 
describe  is  one  of  recent  design  and  belongs  to  the  screw  variety. 
The  object  in  view  was  to  secure  a  mechanism  which,  while  re- 
taining nil  tlie  advantages  secured  by  the  use  of  the  screw  in  the 
way  of  accuracy,  compactness,  and  coiivenience  of  operation  and 
reading,  obviated  the  single  bad  feature  of  dissymmetri,*  already 
alluded  to.  The  manner  in  which  this  was  accomplished  may 
best  be  described  by  reference  to  Figs.  1  and  2, and  3  and  4-,  Plate 
Til,  which  represent  respectively  i-ear  and  side  elevations  of  a 
large  double-motion  slit  and  double-motion  micrometer  recently 
constructed  after  ray  designs  by  Grunow ;  to  whose  excellence  of 
workmansliip  the  highly  successful  performance  of  IwJth  of  these 
pieces  of  ap])aratus  is  largely  due. 

Keferring  first  to  the  drawings  of  the  slit  (which  isi>erliaps  inci- 
dentally of  interest  as  being  the  largest  spectroscope  slit  ever  con- 
structed, it  having  a  clear  ojwning  of  ten  cm.*J  Fig.  1  is  a  rear 
view,  the  back  plate  being  removed  to  show  the  mechanism 
clearly.  The  two-slit  jaws, fl, a, slide  between  guides,  b,b, screwed 
to  the  front  of  the  slit  plate,  and  each  has  a  log,  C,  extending 
through  this  plate  and  projecting  about  1  cm.,  behind  it.  To  the 
left  band  jaw  is  screweil  a  j"!  shaiwd  bar,  D.theside  amis  of  which 

pass  around  the  ends  of  the  slit  and  the  center  of  which  is  oppos- 
ite the  lug  on  the  right  hand  jaw.  The  lug.C,  is  tapjjed  to  receive 
a  screw,  K,  on  which  are  two  threaded  portions,  one  engaging 
with  the  thread  in  the  lug  aud  the  other  of  just  one-half  the  pitch 
of  the  first,  engaging  in  a  nut,  U,  which  is  screwed  to  the  slit  plate. 

*  Tliifi  giant  slit  is  used  with  the  srcat  salt  train  rccfntly  completed  by 
Brnxbcar  {dncribcd  lu  IhUjouitial  for  A|iril}  iu  I-Im;  liolunictric  JQvcsticatiun  of 
the  infia-red  BOlar  spectrum  oow  being  carried  on  ot  lb«  Astro-Physical  Obecrva- 
tory. 


When  therefore  the  screw  is  turned,  say  to  the  right,  the  jaws  are 
scpiirated  by  an  iiiuouiit  equal  to  the  motion  of  the  ])oiiit  of  the 
screw  with  rcferenL-etotlie  lug  C,8ay  a  distance  x,  while  the  whole 
jaw  system  is  drawn  to  the  riglit  by  the  action  of  the  fixed  nut 
H,  a  distiincc equal  to  Wjc.  The  center  of  the  slit,  therefore,  re- 
mains fixetl,  the  jaws  opening  out  from  it.  A  spring  bearing 
against  the  iuy:  ou  the  Ie(t  hand  jaw  provides  for  the  return  mu- 
Liunand  takes  upalt  back  lasli  iu  the  screw.  A  circular  graduated 
head,  At,  gives  by  its  motion  over  a  longitudinally  graduated 
ilruin,  X.  the  wliole  nunilx-r  of  turns  aud  fractions  of  a  turn  cu* 
ubling  tlie  exact  widlli  of  the  slit  to  be  determined  at  a  glance. 

Aside  from  achieving  the  chief  result  aimed  at,  vix.,  a  central 
driving  action  on  both  jaws,  which  avoids  any  tendency  to  twist 
aud  cramp  the  latter  in  their  guides,  and  therefore  permits  shorter 
slit  plates  to  he  successfully  used, this  form  of  mechanism  presents 
other  advantages  over  the  usual  right  and  left  hand  screw  fonn, 
It  witt  be  noted  that  the  accuracy  of  separation  depends  only  on 
the  accuracy  of  the  screw  which  works  in  C.  the  screw  at  N  serv- 
ing only  to  keep  the  jaws  centered.  In  determining  the  distance 
between  the  two  jaws  we  have  to  deal  with  the  errors  of  only  one 
screw  instead  of  two  as  in  the  case  of  the  right  and  left  hand 
screw  movement.*  Still  another  advantage  over  the  latter  is 
that  the  motion  is  positive  in  one  direction  only  (on  opening) 
and  there  is  therefore  no  danger  of  Jamming  the  edges  of  the  slit 
by  turning  the  screw  backward  loo  far. 

The  drawings  of  the  double-motion  micrometer,  Figs.  3  and 
4,  Plate  III,  are  given  to  show  aootlicr  application  of  this 
mechanism  and  also  to  illustrate  a  very  convenient  form  of  mi- 
crometerfor  certain  kinds  of  measurement  in  which  it  is  desirable 
to  have  the  two  images,  whose  distance  apart  is  to  be  determined, 
symmetricplly  situated  in  the  field  of  the  observing  eye-piece. 
The  general  design  is  the  same  as  m  the  case  of  the  s]>cctroscopc 
slit.  One  set  of  micrometer  wires  is  carried  on  the  outer  carriage, 
A,  A,  which  slides  iKtwecn  the  sides  of  the  micrometer  case  as  in 
the  usual  construction.  The  otlier  set  is  attached  to  a  second 
carriage,  D,  B,  which  slides  between  guides  on  the  first  one.  The 
separation  of  the  two  carriages  is  cflected  by  the  screw,  C,  work- 
ing in  a  nut,  D,  on  the  outer  carriage,  and  bearing  agiunst  a  lug 
on  the  inner  one,  the  return  motion  being  etTected  by  the  spiral 
springs.  The  centering  of  the  system  is  effected  as  before  by  a 
second  scirw  of  one-half  the  pitch  of  C,  which,  for  the  purpose  of 

*  This  is  of  k»  importance  in  tbe  case  of  a  sp(.-vtn>9cope  slit  titan  in  ttw  case  of 
the  double-motion  micrametetB  neit  to  be  described. 
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securing  comimctness,  is  cue  on  the  hnh  of  the  grndunted  drtiin, 
N.  This  method  of  construction  ninkes  the  micrometer  very  com- 
pact, while  securing  grent  length  for  the  slides.  The  whole  is  to 
be  mnuuced  as  shown  on  a  second  slide  on  the  end  of  the  tele- 
scope simply  for  convenience  in  placing  it  nt  any  pnrt  nf  the  field 
of  the  Intler. 

One  modification  of  the  Inst  form  of  mechanism  which  I  have 
only  recently  designed  is  interesting,  if  only  in  showing  how  the 
reqnired  motion  nmy  be  ohtainetl  hy  means  nf  a  single  screw  of 
the  same  pitch  throughout.  This  nmy  be  accomplished  by  the 
same  arrangements  nf  parts  as  before  except  that  the  centering 
not.  instead  of  being  fixed,  revolves  nt  one-hnlf  ihe  speed  of  rota- 
tion of  the  screw.  In  the  accompanying  figure  wliich  shows  one 
simple  means  for  nccomplishing  it.  S  is  the  screw  working  in  the 
nut.  n,  on  the  one  carriage  and  bearing  against  ihe  lug  on  Oic 
Other,  as  before.  In  this  case  the  grnduatec  head  is  held  longi- 
tudinally and  drives  the  screw  by  means  of  n  pin  or  key  witrking 
in  a  deep  groove  cut  in  the  hub  of  the  head.  Attached  to  the 
head  is  a  fine  tooth  gear,  F,  which  by  means  of  tlie  two  idle  gears 
carried  on  a  fiscd  pin,  H.  drive  the  toothed  nut.  K.  at  just  one 


half  the  S|>eed  nt  which  the  screw  itself  revolves.  The  drawing 
itself  shows  details  of  construction.  The  ])arlicular  ndvnntages 
of  this  special  nrrnngcment  are  greater  simplicity  in  making  the 
screw  and  greater  compactncfts  when  a  considerable  range  of 
motion  is  necessary.  If  the  two  carriages  to  which  the  desired 
motion  is  to  Ite  imparted  arc  at  a  considerable  distance  apart,  as 
in  the  second  form  of  aslronoinical  interference  instrument  de- 
scribed in  the  paper  to  which  rcfei-ence  has  already  been  made,  it 


would  be  better  to  place  the  driving  wheel  and  centering  mil  be- 
tween the  lug  on  i>ue  carria;;e  and  the  nut  on  the  other.  The 
ccniering  nut,  it  will  be  observed,  obviates  the  necessity  for  noy 
md'tlvrust  bearings  and  thus  eliminates  another  source  of  error 
in  the  determination  of  the  position  of  the  two  carriages. 

These  two  forms  of  ntechauism:  the  link  farni.  I'late  11,  and  the 
screw  form.  Plate  111,  with  these  various  moditjcatiotis.  wiiich  I 
have  described,  arc -only  a  few  of  many  which  1  have  designed  ior 
different  purposes,  but  I  have^  preferred  to  describe  only  those 
which  have  stood  the  test  of  actual  usage  and  have  been  found 
more  satisfactory  than  those  forms  previously  in  use. 
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On  May  31st,  the  date  at  which  thew  observations  of  mine  be- 
gan, Xfnrs  was  about  98  millions  of  miles  distant  from  the  Earth. 
his  south  pole  was  tilted  23Mi  degrees  toward  her,  and  he  showed 
gibbous  to  the  extent  of  nearly  one-sixth  of  his  disk.  The  phase 
axis  lay  slightly  to  the  left  of  the  polar  one. 

These  conditions  continued  substantially  unchanged  through- 
out  the  period  covered  by  the  observations,  that  is,  from  May 
31st  to  June  24th  ;  the  phase  reaching  its  maximum  of  4-7  degrees 
on  June  16th  and  the  tilt  of  the  pole  its  greatest  latitude  of  24 
degrees  on  Jnnc  22d  (Marth),  The  phase  axis  meanwhile  slowly 
shifted  its  7>osition  from  the  left  to  the  right  of  the  polar  one. 
The  plnnct  passed  through  quadrature  on  June  llitli. 

The  observations  were  thus  made  from  fonr  and  a  half  to  four 
months  before  opjiosition  and  about  equally  long  before  the  time 
of  the  planet's  nearest  approach;  inasmuch  as  opposition  will 
occur  on  the  20th  of  next  October,  and  the  mtDimum  distance  be- 
tween the  two  planets  Ijc  reached  on  the  13th  of  the  same  month. 
l"or  satisfactory  views  to  be  hnd  so  un precedent t>-  long  before,  so 
to  speak,  the  event,  the  seeing,  to  secure  which  as  good  as  possi- 
ble the  Observatory  site  was  chosen,  is  responsible.  What  that 
seeing  was  the  accompanying  drawings  will  show.  It  was  such 
as  to  enable  mc  to  make  out  a  dozen  of  Schiaparelli's  canals  t\ro 
months  and  a  half  before  the  summer  solstice  ofMars^  southern 
hemisphere. 

*  Cctmntuiiicated  hy  the  author. 


Most  of  the  observations  and  all  of  the  tlrawings,  except  the 
first,  were  made  with  the  ISinch.  I  may  say  here,  however,  that 
in  qncstioiisof  planetary  detail  of  the  inner  planets  of  the  solar 
system,  up  to  and  ineludinjf  Mars,  size  of  iostrumeat  is  quite 
secondary  to  qaality  of  atmosphere.  Large  <jbjective8  give  more 
light  than  smalt  ones;  that  is  their  chief  adv^intnge.  For  faint 
stars  this  light  is  invaluable,  but  fur  some  of  the  planets  auch 
ilhimination  were  better  iiway.  Venus  and  Mercury  are  beat 
studied  in  tbe  daytime  fur  this  reason.  Xuw  want  of  light  is  not 
the  difficulty  with  Mars.  Lhiring  the  dark  the  planet's  glare  was 
too  greut  in  the  18-inch.  Details  invariably  c:imc  out  best  about 
three-quarters  of  ;in  hour  after  sunrise.  Yet  the  seeing  nt  that 
hour  was  on  the  whole  less  good  than  cjirlier.  From  these  obser- 
vations and  from  certain  ones  of  M.  Flammarian,  I  am  convinced 
thai  the  pust-sutirise  and  i>rc-&unsct  hours  arc  the  best  ones  for 
studying  the  pinnet.  At  other  times  a  very  faint  dark  glass 
might  prove  ndvantageous,  or  better  yet.  tUaphraming  ilie  in- 
strument ilowii ;  then  its  focal  length  will  tell  over  h  smidlcr  one. 
Simply  increasing  the  power  will  nut  dfi,  for  aimospherc,  owing  to 
its  inevitable  hick  of  homogeneity,  prescribes  a  limit.  With  the 
IH-inch  at  Flagstafl'.  a  power  of  420  wan  about  this  limit  on 
Mars,  ulthough  I  have  usnl  11!80  without  sensible  loss,  though 
also  without  sensible  gain.  The  greater  number  of  my  drawings 
were  made  with  370.  On  the  six-inch  270  showed  well,  lake 
Titlionus  and  the  Agathodctnnon  canal  l>eing  very  evident  as  a 
dark  line,  and  \rgyre  and  Pyrrhae  coming  out  with  singulnr 
pramiiicnce— the  daiU  and  light  markings  l>eing  moiT  contrasicd, 
it  is  worth  mentioning,  than  in  the  IS-inch. 

How  little  this  mutter  of  atmoKpherc  is  duly  appreciated  is 
evidenced  i>y  the  way  in  which  a  large  inslrumcni  is  assumed  to 
be  necessarily  superior  to  a  small  one,  (piite  irresffective  of  what 
it  is  that  is  to  be  observed.  Now  the  fnct  is  that  there  are  two 
quite  dificrent  classes  of  cclealtal  phenomena;  those  clepenilent 
on  (piantity  of  light  nnd  those  dependent  on  quality  of  defmition 
for  their  visibility,  and  the  two  metins  lo  these  ends  go  anything 
bat  hand  in  hand.  For  the  one,  the  illumination,  the  size  of  the 
instrument  is  the  prime  requisite;  for  the  other,  the  definition, 
the  atmosphere  is  the  first  cssciitinl.  As  an  object-lesson  in  tliis 
it  is  worth  noticing  that  the  biggest  instnimenta  have  not  al- 
ways given  the  best  views  of  Mars.  In  matters  of  Martian 
detail  it  is  amply  evident  from  the  results  that  oljserver,  atmo- 
sphere, instrument  is  the  order  of  weight  to  he  given  as  the  fac- 
tors of  an  observation. 


One  prelimiuary  result  of  the  Arizona  air  may  be  worth  notic- 
ing in  the  interest  of  astronomical  concord,  always  so  desirable. 
The  quality  of  the  seeing  there  suggests  reconciliation  lictween 
tiie  very  various  drawings  made  generally  of  the  planet.  For 
Arizona  seeing,  too,  had  its  ups  and  downs.  When  the  seeing 
was  exccpLiunally  bad,  Mars  looked  -strikingly  like  his  own  pho- 
tographs, as  I  remarked  encouragingly  to  his  photographer. 
A  fact  worthy  of  a  word,  for  it  seems  to  be  overlooked  in  these 
days  when  celestial  photography  is  the  fasliiou — overlooked,  not 
by  the  photographers  bat  by  the  public,  as  I  judge  by  more  than 
one  question  put  to  mc  on  the  subject — that  though  photogra]>hy 
will  reveal  what  no  eye  can  see,  the  eye  will  reveal  what  no  pho- 
togrnphic  plate  can  show.  Planetary  detail  fiillK  under  the 
latter  head.  For  the  difficulty  of  photographing  such  detail  is 
not  simply,  as  the  inquirers  suppose,  question  uf  a  driving  clock 
timed  first  to  the  Earth's  rotation  and  then  to  the  planet's  pace, 
which  alone  would  require  more  perfect  apparatus  and  a  more 
complicated  one  than  aoy  yet  devised.  The  deep  difficulty  lies  in 
our  own  atmosphere,  which  is  never  steady  enough  ;  what  is  dis< 
closed  one  minute  l*eing  swamped  by  light  waves  the  next.  The 
attentive  eye  registers  each  glimpse,  the  photographic  plate  only 
the  aggregate,  uod  in  the  composite  picture  thus  obtained  the 
bad  obliterates  the  good.  With  faint  stars  there  is  no  such  loss 
and  every  gain.  For  light  is  all  that  is  wanted,  however  ii  l>e 
got.  Now  the  eye  cannot  add  impressions;  the  camera  can.  If 
therefore  the  camera  be  exposed  King  enough  it  will  reproduce 
what  the  eye  could  never  detect.  But.  in  the  case  of  detail,  the 
longer  the  plate  is  exposed  the  more  certainly  will  the  detail  be 
last.  Until,  therefore,  we  rise  above  our  atmosphere  or  find  an 
absolutely  faultless  spot,  we  shall  never  be  able  for  planetary 
work,  to  match  the  eye  by  any  him,  however  sensitive  or  accn- 
rately  driven. 

In  the  next  higher  stage  toward  atmospheric  steadiness  Mars 
nssumed  his  old-fashioned,  orthodox  appearance,  quite  guiltleiui 
of  catmis  and  such-ltke  inexplicabilities,  an  appearance  which  the 
admirable  drawings  of  Mr.  Green  have  raised  to  the  rank  of 
portraiture,  and  to  the  finality  of  which  the  Royal  Astrnnomical 
Society,  by  its  skepticism  of  Schtaparelli,  has  done  so  much  to 
commit  itself.  I'nder  better  air,  however,  the  disc  began  to  show 
symptoms  of  heresy  to  these  established  Anglican  views;  until 
finally  in  the  best  moments  the  planet's  surface  came  out  with 
all  the  clear-cut  character  of  a  steel  engraving,  as  Schinparelli 
and  Terby  have  described  it.    From  the  manner  in  which  these 


liappy  revelations  played  bo-pccp  with  the  eye,  it  was  evidcttl 
that  their  iatcrroittent  invisibility  was  not  chargeable  to  Mars' 
atmosphere  but  to  our  own.  A  canal  or  a  coast  line  would  snd- 
denly  stand  out  perfectly  distinct  several  hundred  miles  in  Iciigtli, 
and  then  as  suddenly  be  waved,  by  our  own  air,  out  of  cxisteuce. 
The  northern  coast  of  the  Marc  Sirenurn  came  out  in  this  maimer 
on  June  24th,  and  thixc  canals,  centering  like  the  spokc«  of  a 
cart-wheel  about  a  lake  for  bub,  probably  the  Araxcs.  the  Eunicn* 
ides  and  the  A}>[flth<>da'tn<»n  about  the  Lacus  Pliot-nicis,  did  the 
samcou.Iunc  23d. 

So  much  for  the  terrestrial  conditions  under  which  the  observa- 
tions were  maile.  The  Martian  ones  were  such  as  to  make  the 
polar  cap  and  its  accompauying  phenomena  the  centre  of  interest 
upon  the  planet. 

In  the  nmttcr  of  the  compass  points.  I  would  say  that  I  make 
use  of  the  orientalJon  proper  to  the  placet,  that  is  cast  is  enat 
to  one  on  the  surface  of  Mar:-.  This  is  simibir  to  our  own  terres- 
trial orientation.  The  south  pole  of  M-jrs  reached  its  maximum 
dip  toward  the  Earth  on  June  22.  It  amounted  then  to  24 
degrees,  an  inclin;-tion  };rcater  than  it  has  shown  us  for  hlteen 
years,  or  will  shtiw  us  for  fifteen  years  to  come.  Its  foulh  polar 
regions  were  in  consequence  pvcuharly  well  displayed,  and  this  at 
the  time  when  the  snows  thcTv  were  in  active  process  o)  nicliinp. 

At  the  'jcgiuning  of  the  period  included  in  these  oi>scrvntions. 
the  area  covered  by  the  snow-cap  was  still  very  large.  On  June 
3  I  made  it  +7  dcgiees  across,  that  is.  it  covered  ncarlv  the 
whole  frigid  zone.  During  the  month  it  decreased  sli»wly  in  size. 
.On  June  19  it  mcasnred  abtmt  39  degrees.  But  I  think  Ihc 
former  of  these  determination!*  somewhat  too  larjjc  :m<I  the  latter 
a  triOe  tou  small.  Thri>ughont  all  this  lime  its  ouLt-r  edge  looked 
to  me  to  be  perlectly  elliptical,  implying,  that  is,  thiit  It  wds  in 
fact  perfectly  circular. 

Girdling  it  wus  a  narrow  ilark  streak  of  nearly  uniform  width, 
as  seen  at  any  one  observation,  but  which  slowly  narrowed  as 
the  longilude-i  grew  less.  The  suow  was  continuously  bordered 
by  this  belt,  which  was  broadest  between  ;i20"  and  220'-  of  longi- 
tude. Here  calculation  showed  it  to  be  about  350' miles  wide. 
Farther  east,  above  the  Marc  Sirenurn,  it  had  conlractej  to  the 
half  of  this.  It  was  clearly  water  iit  the  edge  of  the  melting 
snow,  a  polar  sea  in  short.  And  it  is  worth  noting  that  it  was 
widest  where  the  dark  markings,  the  scjis,  were  greatest  in  extent. 
Between  Hellas  and  the  Cbersoncsus  its  surprising  s^ynmictry  ivus 
broken  hy  an  expansion  into  a  great  gulf  two  or  three  times  the 


width  of  the  rest  of  it.  rnder  the  best  seeing;'  the  gulf  showed  a 
beautiful  deep  blue. 

Oil  the  morning  of  June  8t.  at  I"  17"  G.  M.  T..  t  observed 
suddenly  n  couple  of  extremely  brillinitt  stnr<li1v<>  points  upon  the 
snowcap  n.  t.  just  »bove  this  ^reat  bny.  They  wcic  very  c<in- 
spieufius,  resembling  exactly  the  starry  dazxle  from  o  iU»*taiit 
surface,  ti1te<l  at  the  pro|>cr  angle  for  specular  reflection.  A  few 
minute-i  later  they  hud  disappeared.  Just  such  an  effect  wnuld  be 
prodnceil  by  snow  slopes  suitnbly  illumined  tuminR  through 
the  glinting  angle.  We  hnve  here  then,  in  nil  probability. evidence 
of  differences  of  elevation  in  the  snow-cap,  of  mountains  there 
in  short.  Their  poaition  proved  to  hnve  been  in  long.  291"  30'; 
lat.  75*^  40'  south.  This,  together  with  the  knowm  direetion  of 
the  San  at  the  time,  enables  us,  assuming  H|>ccul:ir  reflection,  to 
tell  the  tilt  of  their  s1o[m;s.  At  that  point  upon  the  disk  under  the 
then  illumination  from  the  Sun,  the  tilt  of  a  slo|)e  capable  of  send- 
ing S|jecnlar  reflection  to  the  Earth  would  have  been  B+W^,  and 
the  slope  must  have  faced  9Vi'^  wcsi  of  north.  This  i»  a  surpris* 
ing  steepness,  but  fortunately  absolute  specular  reflection  is  not 
needed  to  account  for  the  phenomena.  At  so  great  a  distance  a 
■iurtace  tilted  at  a  much  lower  angle  if  of  high  reflective  power 
would  produce  a  like  dazzling  effect,  nnd  for  other  reasons  it  is 
]>r<ibaMe  that  the  Martian  slopes  are  not  excessive.  At  the  same 
time  phonotnenn  liave  been  observed  vvliieh  seem  to  ret|nirc  some 
height  in  these  hills,  making  them  nnother  of  the  ptizzhng  points 
ibout  thi»t  intei"estinK  planet.  1  shnll  rcsimic  discussion  upon  the 
know-cap  in  n  later  pn(>cr.  Their  position,  it  will  he  noticed,  cor- 
responds with  the  star-points  seen  byCrccn  in  1877  and  by  Mttch- 
cl  in  1845.  only  that  they  were  then  seen  as  distant  snow  islands, 
the  polar  cap  having  disinie>ir;itcd  further. 

On  the  morning  of  June  10,  at  C-  10™  G.  M.  T.,  I  saw  similar 
htar-poinls  i'ppear  in  about  the  same  relative  position  on  the 
disk,  Icits  blight  than  the  first  ones  iiiid  from  the  Uxigilude  then 
on  the  meiidian,  situuted  further  to  tlic  cast  of  them.  1  saw  snch 
again  on  the  11th.  the  i:Uh  and  the  14th,  at  hours  which 
showed  them  lo  belong  to  a  long  range  of  heights  on  that  side  of 
the  snow-cap.  Sometimes  they  glittered  like  j>tars.  sometimes 
they  appeared  simply  as  perfectly  white  spot*. 

Meanwhile  on  June  9.  I  had  my  first  certain  view  of  the  great 
rift.  U  came  ont  as  a  dark  line  roughly  parallel  to  a  parallel  of 
latitude  in  the  midst  of  the  snow,  about  15°  from  the  lower  edge 


of  the  cap,  and  nearly 
half  as  long  us  the 
cap's  diameter.  After 
this  I  saw  it  under 
varying  angles  of  ro- 
tation, as  will  ap])car 
from  the  drawings. 

On      the      13th      it 
showed  comcrwise  on 
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the  following  side  of 
the  cop.  back  of  the 
great  polar  hay.  The 
phenomena  on  this 
morning  were  particu- 
larly detailed.  Abo\*e 
the  bay  the  snow  glit- 
tered with  the  bright 
points  I  have  spoken 
of,  and  then  back  of  them  fell  off  shaded  to  the  rift.  The  rift  it- 
self appeared  in  the  form  of  a  half  cross  or  notch  in  the  heart  of 
the  snow  at  the  base  of  the  hills. 

Onthel+thI  marked 
the  rift  debouch  into 
the  polar  sea.  At  17** 
30*,  mountain  time, 
that  is,  lod  0''  30"'  G. 
M.  T.,  the  entrance  to 
it  was  on  the  meri- 
dian. The  longitude 
of  the  rilt'8  eastern 
end  was  therefore  160".  The  rift  was  very  broad,  apparently 
etjually  so  throughout,  and  looked  like  u  huge  cart-track  coming 
down  to  one  over  the  snow.  On  the  15th  1  cstimatetl  its  bretitb 
at  onc-eighih  of  ihe  cap's  diameter.  The  same  mcjniing  I  also 
made  a  compiirison  ol  it  with  the  scale  of  arliliviul  canals.  The 
values  computed  from  the  two  delermiuations  agreed  perfectly. 
giving  it  a  breadth  of  22t>  miles. 

On  the  12lh  I  uoliccd  star-points  ou  the  preceding  side  of  the 
cap.  This  was  then  to  the  east  of  the  rift  and  indicated  there- 
fore, high  land  on  that  side  of  ii.  as  well  as  ou  the  other,  tilted 
also  to  the  west  of  north.  Later  the  precwling  end  lost  its  lustre 
and  the  following  end  had  once  more  become  the  brighter. 
From  these  ol>servation8  and  others  at  this  Observatory  on 
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Tlietlars  repftwnt  the  bnlltant  pointi 
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indicfitifij;  high  land. 


the  western  portion  of  the  rift,  I  have  drawn  a  plan  o(  the  polar- 
cap  and  marked  it  for  elevation,  as  given  below.  The  length  of 
the  rift  would  therciorc  set'm  to  Ik  about  1200  miles. 

Next  to  the  snow-cap  the  most  Htnking  feature  about  the  disc 
was  the  emphatic  tripartite  character  of  its  markings.  The  sur- 
face of  the  planet  was  conspicuously  divided  olT  into  three  dis- 
tinct portittns,  the  continental  area,  the  polar  cap  and  the  area  of 
dark  markings  lying  l>ctwccii  the  two.  Though  in  no  sense  zones 
these  corresponded  in  a  general  way  with  the  equatorial,  the 
south  temperate  and  antarctic  regions  respectively.  Of  zones 
jtroper,  there  was,  with  the  exception  of  the  polar  cap,  no  evi- 
dence whatever,  wliich  means  of  course  that  nu  cloud  forniaLions 
typical  of  them  were  visible;  Mars  being  in  this  respect  utterly 
unlike  Jupiter  or  Saturn,  where jiM  that  we  see  is  cloud  evidence  of 
zone. 

The  three  portions  referred  to  may  he  recognized  in  uny  map  of 
Mars  it  was  their  marked  contrnst  that  was  striking.  I*or  next 
Co  the  sharp  manner  in  which  the  snow-cap  stood  out  upon  the 
disk  was  the  dclinitc  character  of  the  continental  coast  line  and 
the  equally  indefinite  character  of  all  the  markings  between  the 
two.  The  coast  line  was  most  salient  and  clear-cut  on  the  west- 
em  side  of  the  Hour-glass  Sea  (Syrtis  Major  or  Mer  du  Sablier). 


To  the  eastward  the  coast  lay  in  general  direction  strftight,  ap- 
proaching the  pole  «s  it  stretched  eastward.  It  was  indented  bv 
numerous  bays  Hut  destitute  of  those  comet-tail  peninsulas  so 
generally  observed  connecting  it  to  the  chain  of  islands  south. 
All  of  these  islands  Hellas,  Ansonia  and  the  rest,  were  vague,  with- 
out definite  contours  and  lapsed  im|»crccptibly  into  the  surround- 
ing seas.  Even  in  color  they  were  less  decided  than,  thowgh  of 
much  the  same  tint  as.  the  continental  areas. 

Xo  connection  api»eared  between  the  continent  and  the  islands 
till  it  came  to  the  eastern  end  of  Marc  Sirenura.  Here  Icnria  nnd 
PhiPtoiitis  made  a  bridge  of  singularly  uniform  width,  preposter- 
ously straight  and  narrower  than  usually  figured.  Beyond  this 
to  the  east.  Thauniasia  appeared,  at  times  well  defined,  at  other 
times  not.  Lack  of  contrast  not  lack  of  contour  was  responsible 
for  this,  as  t!ie  glimpses  of  it  showed. 

The  colors  of  these  ibrcc  portions  of  the  planet's  surface  were 
as  marked  as  their  contours.  In  the  best  seeing  the  colors  were 
exquisite.  During  the  dark  the  polar  cap  was  straw-color,  ihe 
seas  a  limpid  bluish  green,  and  the  lands  a  brilliant  rose-orange. 
With  the  sunrise  the  snow-cap  turned  to  white,  the  seas  to  sky- 
blue  and  the  land  to  a  rosier  red.  The  sky-blue  of  the  seas  was  al- 
most exactly  the  same  tint,  only  a  trifle  fainter,  as  the  blue  of  the 
surrounding  sky.  a  sky  be  it  rcmcmbei-cd,  of  over  7000  feet  of  al- 
titude. The  light  of  the  Sun  filtered  through  our  atmosphere, 
added  blue  to  all,  thus  wiping  out  the  yellow.  A  similar  effect  is 
visible  in  Venus  and  the  Moon,  which  from  pate  yellow  by  ntght 
turn  pale  white  by  day. 

It  may  be  noted,  in  jiassing,  that  these  before  nnd  after  sunrise 
hups  seem  tfficctnally  to  disjiose  of  the  suggestion  that  tiie  pc.^s 
owe  their  color  to  contrast.  Were  thatso  then  when  the  changed 
light  had  made  the  lands  less  yellow,  contrast  should  make  the 
seas  seem  more  yellow  and  not,  as  was  the  case,  inOre  blue. 

For  purposes  of  comparison  with  terrestrial  objects,  the  post- 
sunrise  tints  are  of  course  the  ones  to  take.  The  resemblance  in 
color  therefore,  between  the  so-called  sens  and  water  scarcely 
needs  comment. 

Next  in  point  of  general  importance  come  the  phenomena  of  the 
terminator  and  limb.  The  terminator  differed  alike  from  the  ter- 
minator  of  the  Moon  and  from  the  terminator  of  Venus,  both  of 
those  bodies  opjjortuncly  offering  themselves  for  comparison  in 
the  course  of  the  month.  The  Martian  terminator  was  more 
marked  than  the  lunar  one,  less  marked  than  that  of  Venus;  that 
is  the  shading  was  greater  in  the  tmc  case,  less  in  the  other.    It 


would  tlins  seem  to  imply  for  Mars  n  riepth  of  fltmo«t[ihcrc  be 
twccn  t!ie  two. 

The  softening  of  the  light  was  evident  the  whole  lenjtth  of  the 
lane  that  was  Inciting.  Even  the  polar  snows  showed  it,  lieinK 
distinctly  shaded  on  their  preceding  portion,  notnhly  on  Mnv 
aist  find  June  7tii.  The  rest  of  the  terminnlor  was  similarly 
dHrI(cne<l,  the  dark  parts  liciiig  darker  and  the  light  Icm  light 
than  the  centre  of  the  disk.  t>nly  one  exception  to  this  did  1  ob- 
ser\'c:  on  the  'J4th  when  a  Hght  hand  lay  along  the  edge  some 
twrnry-fivc  degrees  wide  over  the  sea  area.  This  may  have  been 
caused  l.>y  Argyrc  and  fyrrhac  then  upon  that  portion  of  the 
disk  thungh  not  distingtiishably  visible, 

I  saw  no  irrcgtilaritics  upon  the  terminator  although  the  ter- 
minator of  Venus,  with  the  same  power,  seemed  not  rigidly  cor- 
rect, either  at  the  cusps  or  the  fringe's  inner  boundary,  and  that 
nf  the  Moon  stood  conspicuously  notched  to  the  naked  eye.  On 
the  terminator  of  Mars  the  only  projections  were  the  bright 
areas  which  projected  in  a  body,  an  effect  palpably  due  to  ir- 
radiation. It  seems  therefore,  safe  to  say  that  few  if  any  moun- 
tflin?  relatively  coniparnhlc  to  the  Innnr  ones,  exist  on  Mars, 
The  elevations  otherwise  rcvc/ilcd  nre  prolmblv  of  no  grc.-ii 
heigh  t . 

The  aspect  of  the  liinb  wus  uioit  sugj<csiivf,  if  h;irdcr  t^»  vx- 
plnin.  The  limb  was  vcr>'  luminous  and  yellow.  This  luminos- 
ity WHS  n<»t  confined  to  the  actual  limb,  but  extended  «  long  dis- 
tance tin  to  the  disk.  It  was  as  if  n  wash  of  some  lighter  tint 
had  been  laid  on  ar<»und  that  side  of  the  picture;  at  times  it 
showed  nn  inner  edge  of  demnrkntion  a<  abrupt  as  a  wash  of 
watcr-C(>U)r.  T  saw  it  thus  on  June  IRtli.  ,\u  estimation  of  its 
breadth  relatively  to  the  radius  of  the  di<k  made  it  2y^  in  from 
the  limb,  or  two  hours  in  time.  As  the  limb  stood  at  nine 
o'clock  of  a  Martian  mominK.  this  C(»rrei.|><)udcil  to  1 1  o'clock  in 
the  day.  So  abrupt  an  inner  contour  is  doubtless  nn  effect  of 
contrast  but  it  implies  a  pretty  rapid  falling  oflTtn  the  light. 

With  the  exception  of  the  pohir  chji  nnd  its  surrounding  polar 
sea.  all  'Ictail  near  the  limb  was  lost  in  this  light,  anil  to  n  dis. 
tonce  in  trom  the  edge  projK>rtionatc  to  the  intrinsic  contrast  of 
the  detail.  The  surpiissing  briltiancy  of  the  snow-cap  and  the 
darkness  of  the  water  beneath  it  caused  these  to  stnnd  out  up  to 
the  edge.  The  nca  area  below  them  sometimes  showed  to  the 
limb,  jiomclimes  not ;  the  dark  patches  nearer  the  equator,  to  my 
eye,  never.  Roughly  siK-aking,  the  farther  from  the  pole  the  iwiint 
on  the  surface  lay,  the  lariher  from  the  limb  was  it  obliterated. 


Reversely  every  brighc  portion  of  the  planet  wns  brighter  when 
upon  ihc  liml).  The  mosi  striking  insc(ince»  nf  this  were  the  is- 
lands like  Heltjis.  This  wlien  coming  around  the  corner  shone 
with  a  brilliancy  almost  rivalling  the  polar  cap.  Yet  so  soon  as 
it  was  well  iti  evidence  it  was  content  to  sink  almost  out  of  sight 
(luring  the  rest  of  its  journey  across  the  disk.  Such  first  putting 
in  of  an  appearance  and  then  lapsing  into  obscurity  was  a  speci' 
alty  of  islands:  but  once  I  marked.for  some  singular  reason,  both 
the  islands  and  the  coast  line — in  this  instance  EtecLns  and 
Zephyria— thus  singled  out  for  initinl  prominence.  Whether  is* 
lands  and  coasts  are  more  co\*ered  by  moist  air  is  a  question 
suggested  by  these  pheuoinenu. 

Such  inpartiality  of  obliteratiori  shows,  however,  one  thing: 
that  the  light  along  the  limb  is  not  due,  as  has  been  suggested  for 
somewhat  similar  phenomena  on  (he  lunar  limb,  to  refleirtion 
from  mountain  slopes  or  other  irregularities  of  the  surface.  Nor 
does  it  seem  attributable  to  cloud  properly,  so-called, since  we  can 
hardly  suppose  clouds  to  be  so  superior  to  latitude,  or  to  be  so 
idiosyncratic  as  to  remain  till  1 1  o'clock  in  the  f()renoon  and  no 
later.  We  are  thus  apparently  fttrced  to  fall  back  on  atmosphere 
pure  and  simple,  with  probably  mutif  acjueoua  vapor  in  suspen- 
sion. 

Collateral  proof  of  some  such  homogeneous  veil,  rendered 
opaque  only  by  its  thickness,  appeared  on  July  loth,  when  Hellas 
then  on  the  limb,  stofid  out  embossed  on  the  light  surface  preced- 
ing it.  The  light  surface  was  in  fact  a  dark  strait,  but  the  whole 
had  been  illuminated  by  the  light  uf  the  limb. 

We  now  come  to  what  we  have  at  present  every  reason  to  be- 
lieve to  be  water,  the  dark  pntehes.  .\  part  of  them  may  be 
vegetation  of  which  more  later;  but  a  part  can  hardly  be  any- 
thing hilt  water  and  |K'rhaps  all  may  be. 

These  dark  patches,  or,  as  we  may  say  firtivisionally.  seas  were 
of  diverse  degrees  o(  darkness  but  each  tint  merged  inipercepiihly 
into  the  others.  They  looked  to  me  to  ililTer  in  degree,  not  in 
kind.  Tlie  darkest  of  them  was  ihc  polar  sea  with  its  great 
jxdar  bay.  In  the  Ik-si  seeing  thie^  last  appeared  deep  blue,  its 
size  enabling  the  color  to  eonie  out.  The  next  darkest  wns  the 
Hour-glass  Sea  (Syrtis  Major);  then  the  Syrtis  Minor  and  the 
Sabaeus  Sinus.  .Ml  these  are  small  patches,  irreverently  suggest- 
ing  puddles,  or  deeper  spots  in  the  general  wftter  waste.  Nest  to 
them  in  tint  was  the  strait  between  Hellas  ami  Pyrrhae  connect- 
ing theiMjIaramJ  Hoar-glass  sens. 

To  tlieeastward  of  the  Syrtis  Mfijor  the  tint  of  the  seas  grew 


lighter,  and  the  same  was  true  to  the  west.  Indeed  the  Hoiir- 
plnsa  Sen  seems  to  tte  the  centre  of  the  occnnic  system  of  the 
plaiiel.  Not  only  does  it  he  at  ihe  a|»ex  of  the  lurgest  water  are« 
on  the  {ilanet ;  it  is  with  the  exception  of  the  temporary  polnr  sea, 
the  darkest  nnti  tlierefore  presumably  the  dce|>est  body  of  water 
there;  Init  it  mnkes  n  sort  of  funnel  to  discharge  these  waters 
itito  the  various  canals  through  the  NiUisyrtis,  the  largest  of 
their  nunil}er. 

This  brings  us  to  the  canals.  The  Hrst  one  1  saw  was  un  June 
7th,  the  Cerljenis  in  all  probability  from  its  position.  On  June 
SUh  it  ajipeart'd  persistently.  1  noted  it  as  looking  very  broad. 
When  on  the  meridian  I  glimpsed  it  double.  1  had  only  one 
gUmiKie  of  it  as  such  anil  tlumgh  this  was  definite  enough,  I  put 
no  very  great  faith  in  it.  I  mention  its  duplicity  for  future  verifi- 
cation. On  the  yth  and  more  cL*rtJiinlyt)n  the  10th,  another  canal 
showed  debouching  into  the  same  bay  but  turning  more  to  the 
right,  as  it  went  tiorthwarfl.  the  (ialaxias  perhaps.  I  next 
thought  I  saw  in  the  verj'  middle  of  the  continental  area,  a  part 
of  the  Orcus  parallel  rnaghly  to  u  parallel  of  latitude.  I  ne\-er 
familiarized  myself  beforehand  with  the  region  about  to  be  seen. 
During  the  next  week  I  nii'dc  out  (iigas,  Titan,  (.'.orgoii,  Sirenius 
and  bumenidcs.  The  tinrkest  of  these  was  the  Eumenides,  though 
it  was  the  le;ist  well  placed  for  observation.  Vp  to  this  time  the 
canals  were  of  great  dilficulty.  and  were  neither  sharp  nor  phe- 
nomenally straight;  fugitive  glimpses,  many  of  which  tlittcd  be- 
fore me  but  of  which  I  have  recorded  only  the  more  certain  ones. 
Rut  when  the  region  ot  the  Luke  of  tlie  Sun  l>cgan  to  come  round 
the  eaiials  in  its  neighborhood  came  out  in  much  better  shape: 
Phnsis,  Eumenides  and  AgiUbodivmon.  [>etniled  explanation  of 
the  drawings  will  give  a  belter  idea  than  1  citn  do  in  the  text  of 
the  observations. 

The  general  outcome  of  these  early  observations  is  suggestive. 
For  the  phenomena  seem  to  point  to  a  vast  venial  rreshct,  now 
in  process  upon  the  planet.  In  the  first  place  wc  sec  the  great 
polar  snow-cap  vanishing  under  our  eyes.  Now  this  might  take 
place  either  byevaporntion  or  by  melting.  Doubtless  it  does  take 
place  in  both  ways,  but  what  is  of  interest  is  that  we  have  direct 
evidence  of  the  latter  process.  Instead  of  simply  growing  bcautt- 
fullv  less  tlie  snow-cap  appeared  persistently  fringeil  by  a  dark 
line  which  steadily  kept  pace  with  its  retreat.  This  can  hardly 
be  anything  but  water  although  it  may  be  water  in  a  very  differ- 
ent condition  from  what  we  know  it,  neither  fresh  nor  salt,  for 
example,  but  something  unlike  cither.    The  character  of  the  wa- 


tcr  is  to  certain  extent  a  vital  i|in;stiun,  as  irrigation  with  salt 
water  does  not  commend  itself  to  our  notions. 

Xow  so  mttch  water  suddenly  produced  has  got  to  be  disposed 
of.  For  it  is  in  a  state  of  unstable  eijiiilibrium.  So  lon^  as  it  wa-i 
snow  it  stayed  where  it  was.  Bui  the  moment  it  melted  gravity 
would  pull  it  from  the  pole.  Here  step  in  the  ucst  observed  phen- 
omena. The  hhiish  cast  of  the  south  temi)eraie  Ik-U  and  the  in- 
distinctness of  the  contours  of  the  islands  there  hint  that  this 
whole  region  is  unikT;5oing  submersion  and  submersion  of  a  sud- 
den and  temporary  eharacter.  For  in  the  first  place  wc  know 
that  at  other  seasons  tliese  islands  are  both  more  consjticnons  in 
eolor  and  more  dislincl  in  form,  and  that  the  comet-tail  {K-ninsu- 
las  now  invisible  ajipenr  with  all  grades  of  distinctness.  In  the 
second  place  if  this  submersion  were  not  of  a  temporary  charac- 
ter the  contours  of  the  red  portions  would  be  more  definite  than 
they  arc.  For  a  marsh  does  not  remain  a  mnrsh  for  long  time; 
it  becomes  cither  land  or  water,  by  reason  of  the  forces  ai  work 
upon  it. 

Thirdly,  the  canals  of  the  continent  are  well  known  to  be  less 
visible  at  this  season  of  tlie  Martian  soutliem  hemisphere.  This 
is  precisely  what  should  happen  if  they  arc  canals,  especially  if 
what  we  see  are  the  effects  of  the  wiiter  in  them  rather  than  the 
water  itself.  For  it  wouhi  take  lime  for  the  effects  of  a  flood,  id 
the  wa}*  of  vegetation  for  example,  to  show  themselves.  JJow  it 
is  rather  significant  in  this  connection,  that  the  canals  now  best 
seen  should  he  those  nearest  the  south  pole,  namely,  the  ones 
about  Thaumasia  and  Marc  Sirenum. 

So  mucli  for  the  positive  evidence  of  the  circulation  of  water  as 
waternpon  the  planet.  The  evidence  of  its  circulation  as  cloud 
is  negative.  There  is  no  sign  of  cloud  apparently  at  this  season. 
Although  the  air  is  probably  charged  with  vapor,  it  docs  not 
condense  into  cloud  or  fall  as  raiu  or  snow.  Kven  occasional  in- 
distinctness of  detail  seems,  as  we  have  seen  earlier  in  this  paper, 
to  be  dne  to  our  atmosphere,  not  to  that  of  Mars.  At  this  spring 
season  of  tlie  southern  iiemispliere  the  Martian  aqueous  circula- 
tion seems  therefore  to  be  chiefly  a  surface  one  of  water. 

Here  wc  have  a  r/iison  fTetne  for  the  canals.  In  the  absence  of 
spring  rains  a  system  of  irrigation  seems  an  absolute  necessity 
for  Mars  if  the  planet  is  to  support  any  life  upon  its  great  conti- 
nental areas. 

Tt  is  specially  important  that  phenomena  like  these  spring 
phenomena  should  be  reasoned  on.  For  it  is  chiefly  by  collation 
of  inference  that  wc  are  likely  to  build  up  a  true  knowledge  of 
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this  our  neighbor  world.  WeshRllbcst  explain  such  enigmas  as 
the  canals  by  getting  greater  insight  into  the  gcn';ral  physical 
conditions  existing  upon  the  planet.  It  is  by  no  means  inconceiv- 
nble  that  we  may  first  succeed  in  unravelling  thnt  net-work  of 
seemingly  incomprehensible  lines  by  inevitable  inference  from 
caniparatively  simple  dnla. 

I.OWEI.I,  Obsbrvatorv,  July,  18D4. 


THB  SEAS  OF  MARS.* 


WrLLIAM  H    P1CKBRIKO. 


The  Grst  observation  made  upon  Mars  at  the  Lowell  Observa- 
tory with  the  IS-inch  Brashear  lens  was  upon  June  1,  1894. 
Since  then  obscn-atious  have  been  continued  upon  nearly  every 
night.  Whnt  appeiirs  to  me  be  the  roost  im|Kjrtant  conclusion de- 
dticiblc  from  our  work  so  far  is  that  Mars  does  not  always 
present  the  some  appearance  at  the  corresponding  time  upon  two 
successive  Areau  years.  This  remark  docs  not  apply  merely  to 
small  details  but  to  large  and  prominent  features.  Moreover  this 
diflercncc  does  not  svcni  to  be  due  simply  to  the  fact  that  one  rea- 
son is  a  few  weeks  later  tiian  tlie  other,  but  that  the  plieniiniena 
presented  upon  the  two  years  are  really  different. 

Thus  the  central  branch  ol"  the  Y,  just  north  of  Noacbis  which 
was  so  marked  a  phenomenon  in  1802.  was  not  visible  to  nie 
early  in  June,  as  1  had  exficctcd  it  to  be.  It  is  true  that  Mr. 
Lowell  thought  he  saw  it  faintly  marked,  but  altfaougli  I  looked 
for  it  upon  the  same  evening,  I  could  not  satisfy  myself  of  its  ex- 
istence. Nevertheless  the  definition  was  such  that  had  it  ap- 
peared as  it  did  in  1892,  it  could  not  have  been  missed  at  the  first 
glance.  I  looked  for  it  again  at  the  following  pi'esentation  in 
July  just  passe<!.  but  no  trace  of  it  was  to  be  seen.  Two  draw- 
ings made  by  IVofessor  Campbell  u])on  July  18  and  20, 1892,  and 
publisbetl  in  the  last  number  of  tlie  I^ublicatiuns  of  the  Astrou. 
Soc.  of  the  Pacific,  \i.  171,  show  it  very  nicely  indeed.  These  may 
becomparetl  with  some  reproductions  of  my  own  work  now  ori- 
ginally published  in  Asthonomy  and  .\stro-I*hvsics  1892. p.  668, 
and  now  republished  in  the  same  number  with  the  drawings  of 
Professor  Campbell.  After  the  disappearance  of  the  central 
brunch  in  the  latter  part  of  July,  1892, a  portion  of  it  reappeared 
in  August,  and  remained  visible  through  September.    A  sketch 

*  Commnnicutcd  )iy  thcaotbor. 
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The  Seas  of  Mars. 


showing  its  npi)earnnce  upon  September  4, 1892,  lios  Imtch  kimllv 
forwarded  tu  me  b.v  Mr.  Russell  of  the  Sydney  Observjicory.  N.  S. 
W,  This  branch  may  therefore  be  said  to  have  been  charaetcristic 
of  the  opposition  ol  1892.  This  same  region  was  very  carefully 
sketched  by  Mr.  Douglass  and  myself  a  number  of  tiroes  between 
June  30  and  July  0.  1894-.  but  not  a  trace  of  the  central  brnncb 
cuuid  we  detect.  Upon  these  dates  Mars  held  the  same  position 
in  its  orbit  that  it  did  upon  .\ugust  12  and  IS,  1892.  A  sketch 
made  by  mystlf  .\ugust  13,  1892,  shows  the  central  branch  very 
clearly.  It  will  be  interesting  to  hear  if  its  appearance  has  been 
jioted  this  year  by  the  Austrnhnn  observers,  since  in  their  longi- 
tude it  would  have  been  visible  about  the  middle  of  June. 

But  not  only  has  the  central  branch  of  the  Y  been  invisible  this 
year,  but  the  large  dark  blue  patch  which  it  connected  with  the 
southern  snow  cap,  and  which  we  called  the  Northern  Sea,  has 
been  very  much  less  marked,  and  much  smaller  than  was  the  case 
ill  1892. 

Again  a  large  black  gulf  bounding  the  melting  snow  upon  the 
north  and  situated  very  nearly  due  south  of  Syrtis  Minor  has 
been  a  very  striking  feature  of  our  observations  this  year.  This 
guM  was  only  observed  once  in  1892,  upon  July  27,  and  it  was 
then  by  no  means  conspicuous.  If  these  very  dark  regions  are, 
as  we  suppose  them  to  be.  water,  it  would  then  seem  that  the 
water  which  did  not  reach  the  northern  regions  this  year  has  ap- 
I>earcd  as  an  excess  in  the  south. 

Upon  testing  this  black  region  upon  June  4,  with  an  Arapo 
polariscopc,  made  for  me  by  Mr.  Brashear,  it  was  found  to  show 
clear  traces  of  polarization,  as  did  the  canal  running  north  from 
it.  Tiiis  would  naturally  be  the  case  if  it  were  water,  since  being 
situated  near  the  limb,  it  would  reflect  to  us  largely  the  light  of 
the  Arean  atmosphere.  Upon  the  rest  of  the  disc  of  the  jjlanct, 
the  polarization  was  not  very  conspicuous.  At  the  next  presenta- 
tion of  this  region,  upon  July  9,  the  obscr\*ulion  was  repeated 
but  to  my  surprise  no  trace  of  the  polarization  in  the  dark  si>ot 
could  be  detected.  A  close  examination  of  the  region  was  then 
made,  and  its  color  was  found  to  have  entirely  changed.— whereas 
upon  June  9,  Mr.  Lowell  writes  "Bay  a  deep  blue,  looks  just 
as  deep  water  does,"  it  was  now  found  to  be  of  a  rich  chocolate 
brown  tint,  differing  entirely  in  color  from  the  bluish  grey  regions 
tothenorth  of  it.  These  grej*  regions  showed  no  sign  of  polariza- 
tion, and  as  I  have  before  remarked  I  see  no  reason  for  supposing 
that  their  color  is  due  to  water.  As  far  as  my  observations  go, 
it  appears  to  me  that  the  permanent  water  area  upon  Mars,  if  it 
exists  at  all,  is  extremely  limited  in  its  dimensions. 


Tliesc  large  jj^rey  rcj^ions  were  of  a  brilliant  nnd  decided  green 
color  in  18iKt.  just  before  thf  vernal  eqninox.  In  the  early 
part  of  1892.aIso.  larji»c  green  areas  were  seen  npon  the  planet, 
bul  as  the  season  advanced  ilic  green  regions  changed  alninst  en- 
tirely togrej*.  At  the  present  time  very  little  color  is  visilile  in 
the  shndc<1  regions.  They  are  anbject  also  to  such  large  varia- 
tions in  area,  an  the  season  jirogrcsses,  that  unless  we  can  per- 
suade  oiirsehes  that  gigantic  floods,  unaccompanied  by  elotids. 
Form  the  normal  condition  of  afTairs  uprm  Mars,  we  seeni  forced 
to  adopt  some  other  explanation  of  their  cxistetice.  The  theory 
that  they  owe  their  cralor  to  vegetation  is  (Krhaps  the  most 
plausible  one,  and  some  new  facts  bearing  upon  this  matter  have 
recently  come  to  hand.  I'pon  Jnne  30  a  distinct  defiression  in 
the  terminator  where  ii  was  crossed  by  the  stern  of  the  Y  was 
detected  by  Mr.  Douglass.  As  the  planet  rotated,  the  position  of 
the  depression  changed,  and  it  was  noted  that  it  was  not  always 
found  in  portions  of  the  terminator  which  was  darkest.  Since 
that  date  similar  depressions  more  or  less  marked  have  been 
detected  uptm  nearly  every  evening.  Upon  looking  over  our  ob- 
servations for  1H92,  1  find  under  date  of  Septeinl)er  20,  8''  06" 
n  drawing  showing  a  flattened  terminatttr,  nnd  a  statement  that 
"the  planet  seems  somewhat  of  this  shape."  Further  invcstign- 
tion  shows  that  the  long  narrow  strip  known  as  Cernnnius  was 
lying  u|>on  the  terminator  at  about  this  time.  These  notches  in 
the  terminator  can  lie  most  readily  explained  by  actual  depres- 
sions in  the  surface  of  the  the  planet,  and  as  Professor  Campbell 
has  shown  ( I'ub.  Astro.  Soc.  P»c.  1804,  p  110)  a  difl*erence  of  ele- 
vation of  the  surface  amounting  io  two  mites  ought  to  Ite  readily 
visible  to  us  on  the  Karth  at  certain  seasons  providefl  the  eleva- 
tion or  depression  involved  occurred  upon  the  terminator.  It 
thus  appears  that  we  are  perha|»i  on  the  eve  of  lieing  able  to 
construct  a  cciitourniap  o(  the  planet-  The  observations  involved 
are  however  very  difficult,  and  no  great  accuracy  in  the  results 
can  as  yet  be  earpected. 

Strictly  speaking  the  notches  in  the  terminator  correspond  to 
variations  in  the  inclination  of  the  surface  of  the  planet  rather 
than  to  variations  in  its  level,  but  if  we  could  determine  the  incli- 
nation and  knew  the  distance  through  which  it  extended,  we 
should  have  all  the  data  ret|uired  for  our  work. 

There  is  one  conclusion  however  to  which  these  observations 
lead  us  at  once.  Since  these  notches  in  the  terminator  do  not 
necessarily  oa'ur  in  the  darkest  parts  of  the  grey  regions,  and 
since  different  portions  of  them  arc  notched  to  different  depths* 


when  on  the  terminator,  it  follows  that  nil  portions  of  the  RTcy 
regions  arc  not  on  tliesnme  level.  In  other  words  hills  and  %-nI. 
leys  occur  in  them,  an<\  consequently  the  grey  regions  do  not 
represent  the  surface  of  an  ocean. 
LowKM.  ORSF.RTATtjRY,  FlnRBtaff.  Arizona. 
July  13.  isy+. 


ON  THE  PERIODIC  TIME  AND  DISTANCE  OP  THE  PIPTH  SATELLITK 

OF  JUPITER.' 


B.  B.  BARNARD. 


This  satellite  has  been  olwcrved  at  crery  favorable  opporlanity 
during  the  oi>position  of  1803.  On  that  occasion  it  was  first 
seen  September  3d  and  was  last  observed  1894.  Jammrr  2H. 

These  observations,  combined  with  those  of  1892,  now  jjivc  a 
vrr>'  accnrate  determination  nf  the  periodic  time  of  the  satellite. 

The  following  valnes  of  the  period  have  been  obtained  by  com- 
parison  with  the  cast  elongation  of  1892,  September  lOd  la*" 
4S"-.2  Standard  Pacific  Time. 

Standard  Pacific  Time. 


Ejut  Kloi>f;Ation. 

18»3    Oct.     I 

t6»    11"'.K4. 

l»CTiod  =  ll*    57"    22'.G15 

2 

16        S  .01 

32  .5&k 

Nqv.   fi 

11!      54  ,&t 

23.650 

12 

12      'M  .AS 

22  .607 

18 

11       tZ  .08 

32  .602 

From  these  we  have 

Periodic  Time  =  11"  57"'  22".618  ±  0».013 

The  recent  obser^-ations  seem  to  confirm  the  8U8i>ecled  exccii- 
tricity  of  the  orbit. 

The  mean  of  the  observed  east  elongations  of  1892  from  Sep- 
tember to  November  was 

48".1<)4  =  112650  miles 

white  the  mean  of  those  for  1893-4  from  Sept.  to  Januarj-  is 

47".785=  111910  miles 

These  are  reduced  to  distance  5.20. 
This  last  fairly  con-esponds  to  the  West  elongations  of  1892. 
*  Cominiinicalrd  bv  tlie  natlior. 


TJz.  4-7". 712.  M.  Tisserand  has  found  that  the  ninjor  nxis  of  its 
orbit  must  make  n  complete  revolution  in  five  months. 

No  opportunity  hjis  yet  txx'urred  for  a  direct  conipnrison  of  the 
light  of  the  satellite  with  a  star,  so  that  its  magnitude  ia  still 
somewhat  uncertain.  It  is  scarcely  possible  that  the  brightness 
is  greater  thnn  13  magnitude— if  it  is  as  bright  as  that.  So  the 
assuniefl  value  of  about  100  miles  for  its  diameter  should  still  be 
considered  as  not  far  from  its  actual  size. 

Xo  eclipses  of  the  satellite  have  been  observetl,  and  it  is  scarcely 
possible  that  they  ever  will  be  with  our  present  instniraental 
equipment,  as  they  wdl  occur  too  close  to  the  limb  of  Jupiter  for 
the  satellite  to  Iw  seen. 

Its  shadow  has  not  yet  Ixfu  seen  on  the  surface  uf  Jupiter  and 
doubtless  docs  not  reach  the  planet  unless  as  a  point  too  small  to 
be  seen  with  our  present  tclesco|H-s.  During  the  observations  of 
this  object  m  1802  and  1S93  n  series  of  tilar  micrometer  measures 
of  the  diameters  of  Jupiter  were  made  for  the  homogeneous  reduc- 
tion of  the  obscrvaiions. 

Prom  these  the  following  values  result.  They  Hre  niso  reduced 
lo  distance  5.2(1 

Bquatorial  Diameter  rJ8".522  ^  0".02*  (34  nights) 
Polar  Diameter  36  .112  ±  0  .032  (24  nights) 

which  correspond  respectively  to 

90194- ±  56  miles 
and  84566  ±  75  miles 

In  comparing  these  with  previous  measures,  it  was  found  that 
filar  micrometer  measures  uf  Ihv  diameters  of  Jupiter  arc  uni> 
formly  about  1"  greater  than  thosi*  made  \viih  heliometers.  The 
complete  observations  of  the  satellite,  which  were  all  made  with 
the  36-in..  will  be  published  in  the  Astrumfinicui Journal. 

Mt.  llAAiiLTON.July  7, 1894. 


PRBLIMINARV    NOTE    ON    THE    OBSERVATIONS    OP    SATURN    AND 
URANUS  WITH  THE  36-in.  EQUATORIAL." 


B.  B.  BARNASD. 


Saturn. 

Since  the  first  of  the  year  I  have  been  engaged  in  the  work  of 
re-measuring   the  ball  and  ring  system  of  Saturn   with   the  36- 

*  Commatiicatrd  Itv  the  nntbur. 


inch,  ii  work  e9f»ecin!Iy  suitef)  for  oar  great  tclesco|>e.  Amonjif 
the  other  points  in  view  in  this  work  was  a  scries  of  ineaiturcs 
made  with  the  intention  of  dete^-ting  any  (lisplaccment  of  the 
ball  from  the  center  of  the  ring. 

The  measures  were  made  from  the  ends  of  the  ring  to  the  near- 
est limb  of  the  plnnel. 

The  results  so  fur  obtained  from  ten  niphts'  measures,  show  a 
slight  difference  that  would  make  the  distance  on  the  following 
side  a  little  greater  than  on  the  preceding  side.  This  may  be  due 
to  some  |jeculiarity  in  the  nicnsures  themselves  as  the  (|iinntitr  is 
less  than  0".l. 

The  values  reduced  to  the  mean  distance  of  Saturn  are: 


From  [.I  irnd  of  Riiijj  to 
p  limbtif  Sfiiuni. 

ll'M97 


From  fvtui  of  Riitif  lu 
t'timtt  uf  Saturn. 

11  ".287 


'rom  ten  nights'  measures. 

The  difference,  0".090,  would  scarcely  suggest  any  apparent 
deviation  of  the  ball  from  the  exact  center  of  the  rings. 

The  dimensions  of  all  the  rings  and  the  ball  are  also  being 
carefully  measured.  .\  preliminary  reduction  of  the  work  show» 
the  results  will  agree  very  closely  with  those  obtained  by  Hall 
with  the  26-inch  at  Washington  some  10  or  ir»  years  ago.  (See 
"Saturn  and  its  King,"  Washington  Observations,  1885,  Appcn- 
dix  II.) 

CKANtJB. 

Besides  a  careful  aeries  of  measures  of  the  positions  of  the 
satellites  of  Uranus  for  a  more  accurate  rc-dc termination  of  the 
mass  of  that  planet,  I  have  also  made  a  series  of  measures  of  its 
polar  and  equatorial  diametens.  and  a  scries  of  measures  of  the 
position  angle  of  its  equator.  The  cllipticity  of  the  disc  is  quite 
noticeable. 

The  following  are  the  position  angles  so  far  obtained  : 

r.  A.ofEtiwiiur. 

lRtl4-Aiiril     2t)  lt.3 

•       30  lfl.8 

Mav      ti  tdJS 


From  these  it  would  appear  that  the  equator  of  the  planet  es- 
senlially  coincides  with  tlie  planes  of  the  orbits  of  the  satellites, 
verifying  the  supposition  that  Uranus  rotates  on  an  axis  devia- 
ting but  little  from  the  plane  of  its  orbit. 


Orbil  of  the  Binary  Star  OS  22*. 


55fl 


The  observations  of  the  snielUtcs  extend  from  April  16. 
The  complete  observntions  of  botli  these  plnncln  will  be  pub- 
ltsh(.'<)  when  tlie  observations  arc  finished. 
Mt.  Hamilton.  June  9.  189+. 


ORBIT  OF  THE  BINARY  STAR  Ol  231* 


J.  e.  aoua. 

AUhoiijxli  the  HiiK»lflr  motion  of  this  l)inary  pair  lias  been  only 
about  60"  between  the  vears  184.1  nnd  ISttl',  I  find  that  the  mo- 
tion has  been  round  the  npoastron  end  of  the  uppiircnt  elli|»'e, 
and  that  conse(|uentIy  the  period  of  revolution  will  l>c  shorter 
than  the  angular  motion  would  at  first  siKht  sec-in  to  indicate, 
nnd  shorter  limn  that  found  by  Professor  Glascnapp  in  Astbon- 
osxv  ANU  Aktho-Puvsics,  No.  118.  L'siuKthe  measure*  j^iveii  by 
Mr.  Hurnhnm  in  Astkonomv  and  .\stkoI'hv*ic!1,  No,  lOH.  I  have 
drawn  the  apparent  ellipse  from  an  interpolating  cur\-c,  and 
from  this  ellipse.  I  obtained,  by  Professor  Glasenjipp's  method. 
the  following  viiItick  of  tlic  cocflieients  in  the  licneral  e<jurtlion  of 
theseeoncl  degi-ee; 

« X  +  A.r  +  yjc"  +  '  jy  +  •/  +  1  =  0. 


«T  =  + 0.0130 


(=-0.004>536 


Substituting  these  %'alacs  in  Kowelsky's  et|nationfi,  I  have  ob- 
ti(ine<1  the  following  provisional  elements  for  O^  224. 


P  =00.13  txara. 
T  =^  I«33  'is 

«    =O.S70 
U  =  170"  IV 


A  =  316"    3' 
1=  4y   46' 

M  =  -  3.T+4T 


Measured  in  the  direction  of  the  star's  motion,  which  is  retro- 
grade, A  would  be  -W^  57'. 

The  following  is  a  comparison  between  the  measures  used  in 
cnlc'jlating  the  orbit  and  the  positions  computed  from  the  above 
elements.    Some  of  the  measures  are  rather  discordant. 

"  CommuiiiciLnllty  lh«autli«r. 
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Orbit  of  the  Binary  Star  02  224. 


Epoch. 

Observer. 

D 

Oc 

5o- 

-&c 

Po 

Po  —  pe 

1843.22 

Macilcr 

13-7 

20-3 

— 

6.6 

0-35 

0.30 

+  005 

1844.31 

0.  Striive 

20  ± 

14-3 

+ 

5-7 

0-33 

1845.30 

Madler 

13.6 

■3-3 

+ 

03 

0.20 

0.35 

-  0.15 

1851.27 

0.  Struve 

352.6 

361.0 

— 

8.4 

0.48 

0.46 

-f-  0.02 

1851.28 

Madler 

17-5 

l.o 

+ 

16.  s 

0.25 

0.46 

—  0.21 

'S57-34 

Secchi 

3-6 

352.6 

+ 

II. 0 

0-53 

1861.26 

0.  Struve 

348-S 

348.1 

+ 

0.7 

0-59 

0.56 

+  0.03 

1868.03 

Dembowaki 

339-2 

341.0 

- 

1.8 

0.5  ± 

0.59 

—  0.09 

1871.31 

0.  Struve 

328.4 

337-6 

— 

g.2 

0.59 

0.59 

0.00 

1872.31 

•' 

336.8 

336-7 

+ 

0.1 

o-SS 

0-S9 

—  0.04 

1873-23 

Denibowski 

329.  S 

335-8 

- 

6.0 

0.59 

1879.32 

Scliiaparelli 

3'.'-7 

3295 

- 

13-8 

0-35 

0.57 

—  0.22 

1880.16 

ii  urn  ham 

334-3 

328.6 

+ 

S-7 

0.62 

0-57 

+  0.05 

1881.25 

Dobcrcli 

316.6 

327-4 

_. 

10.8 

0.56 

1882.27 

" 

309-9 

326.3 

- 

16.4 

0.56 

1883,71 

I'-npehnanii 

33"-2 

324-6 

+ 

5-6 

^■Si 

0.5s 

—  0.02 

1884.21 

Perrotiii 

326.0 

324-1 

+ 

1.9 

0-S5 

0-S5 

0.00 

1S87.27 

Scliia|)ari'lli 

3i5-''> 

320.4 

- 

4.S 

0.52 

0-S3 

—  0.0 1 

1S92.37 

Uurnliaiii 

313-^' 

3'3-4 

+ 

0.2 

0.4H 

0.49 

—  0,01 

The    following    are  the  fornuila;  for  compiitiiig  the  position- 
angle  and  distance  at  any  given  lime  t: 

(1).     H  — 3:1.1 7  sin  u=  — 3.71-l-7(t—  1833.23) 

(2).     tan  VsV  =  [0.2870500]  Inn  \u 

(3).     tan(^,.— 179^  1-t')  =  [9.SIOIG06]  tan(V  +  316"^  3') 

(4).     ,  =  0    ,42(1 -0.5.9  cos  u)^-^^^—-^-.-y,j-^!j 

The  figures  in  l)rackets  are  logarithms. 


ON  THE  SPECTRUM  OP  p  bYBVB.' 


El.  C    VOGBl.. 

In  conclusion  I  give  n  brief  review  of  the  more  recent  ohservn- 
tions  which  have  been  made  elsewhere. 

From  the  short  notice  which  Pickerinf?  published  in  Astr.  S'tich. 
3051,  it  appears  that  the  tweuty-five  plates  of  the  spectrum  of 
fi  Lyra;,  which  were  taken  in  the  course  of  more  than  four  years, 
a^rrcc  as  to  the  most  important  points  with  the  observations 
here  given.  He  distinguishes,  as  we  also  were  Ie<3  to  do,  between 
the  ap[)carance  of  the  tines  in  the  first  and  lliat  in  the  second 
half  of  the  liehi  period  from  one  principal  minimum  to  another. 
He  says : 

"Of  the  eleven  pintcs  in  winch  the  brijrht  lines  had  a  diminisiied 
wave-lcnglh,  it  was  found  that  all  had  been  taken  during 
the  second  half  of  the  period  o(  variation,  that  is.  after  the  second 
minttnttni  and  more  than  fid  11''  after  the  principal  minimum. 
The  r<Mirtecii  plates  taken  during  the  first  half  of  the  |w.Tiod  all 
showed  an  increase  in  wave-length  of  the  bright  lines;  that  is, 
thcilark  lines  appear  bright  on  the  side  toward  the  red,"  Pick- 
ering turthcr  says:  "The  actual  changes  in  the  spectra  when 
fttudied  in  detail  arc  much  more  compticatrd  than  has  been  stated 
nbovc,  and  nhow  a  variety  of  intcrmedinte  phases,  and  changes 
in  the  dark  ns  in  the  bright  lines.  In  some  of  the  photographs 
sererni  of  the  bright  lines  appear  to  be  double." 

I'ndcr  the  asuumplion  that  the  object  ta  a  close  double  stnrf 
whose  components  possess  diflTcient  s|)ectra  and  whose  period  o 
revolution  equals  the  light  period  of  12,9  days.  Pickering  deduces 
from  the  observed  displacement  of  the  lines  a  veh>city  of +bO 
kilometres  per  seconij.  and  calculates  the  radius  of  the  orbit, 
which  is  assumed  circtdar,  to  be  eighty  tuillion  kilometres.  The 
dctcrminf'tiott  of  the  vchiciiy  was  made,  without  doubt,  from  the 
measurements,  taken  at  the  time  of  a  principal  mininmm  ur  first 
maximum,  of  the  bright  and  dark  lines  which  lie  apparently  near 
each  other.  As  a  result  of  the  use  of  the  object-glass  prism,  ftnd 
the  consc<iucntIy  diminished  sharpness  of  the  s|Ketra  as  com- 
pared with  photographs  taken  with  the  stiC  spectroscope,  the 
distance  observed  by  Pickering  is  considerably  greater  than  thai 
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round  here.  If  the  c^lculalioit  is  cnrrietl  further,  it  lends  to  an 
enoriuous  tiiass  (130  Q)  Utr  llie  svstcni.  Also,  tftlic  more  iirul)- 
able  a«8un)ptioii  is  nmJc,  that  the  centre  of  mass  of  tne  system 
falls,  not  at  ilic  center  of  one  star,  but  between  the  two,  it  fol- 
I'jws  that  the  mass  of  thesysteui  is  IG  O,  which  is  still  extremely 
improbable.  But  just  as  I  have  shown  above  that  it  is  not  al- 
lowable, without  further  tnforniatiiin,  lo  regard  the  (tistanrc  Ije- 
twceti  tlie  centres  of  the  bright  anil  dark  lines  as  the  amount  of 
the  displacement,  so  it  is  not  consistent  with  the  observed  phe- 
iioiiiena  to  assume  that  the  urbit  iseiK'ular. 

Pickering's  important  notice  concerning  the  double  si>ectrum 
of  fi  Lyrse,  which  up  to  that  time  had  been  unknown,  apjieared 
in  June,  IK'.)!  ;  and  it  closes  with  the  following  remarks  ns  to 
further  hy|K)lheses,  wliieh.  however.  I  cannot  support,  because 
they  seem  to  ofler  no  sufficient  explaiiaiion  ol  the  complicated 
plienomeiia  in  <|ueslion  : 

"The  pbetiotaena  may  also  be  due  to  a  meteor  stream  or  lo  nn 
object  like  our  Sun,  revolving  in  I'Jd  22''  and  having  a  large  pro* 
tuberance  extending  over  more  than  ISO"^  in  longitude.  The  oc- 
casional doubling  of  die  lines  would  then  l^e  due  to  both  ends  of 
the  protuberance  being  visible  at  the  same  time,  one  receding, 
the  other  approaching.  The  variation  in  light  may  l)e  caused  l)y 
the  visibility  ol  a  larger  or  smaller  portion  of  the  protuberance." 

Observations  were  made  by  J.  E.  Keeler*  at  the  Lick  Observn- 
tory  during  the  year  1889.  They  were  direct  observ-ations  with 
the  spectroscope,  and  refer  to  the  visible  spectrum  between  C  and 
F.  Kcler's  results,  in  his  own  opinion,  were  not  sufficient  to 
give  a  comprehensive  and  al  all  satisfactory  explanation  of  the 
<fbserved  phenomena;  and  on  this  account  he  intended  to  make 
furtlier  observations,  which  however  was  not  douc  owing  to  fats 
withdrawal  from  ihc  Observatory.  His  preliminary  results  were 
published  only  iKcausc  in  his  opinion  it  wasimprobuble  that  they 
would  ever  Ik  continued,  as  in  the  mean  time  it  had  become  ap- 
parent  that  direct  observations  c*>uld  not  ingenend  compare  with 
those  based  upon  the  newer  photographic  methods  even  when  the 
latter  are  made  with  telescopes  of  inferior  power.  The  results  are 
in  my  opinion  not  without  importance,  akliougli  they  dilTcr  in 
many  points  from  the  deductions  made  from  the  photographic 
observations  in  other  parts  of  the  spectrum :  and  I  quote  them  in 
Keeler's  own  words: 

1.  In  the  spectrum  of  fi  Lyrae  the  bright  hydrogen  lines  C  and 
F.  the  bright  D,  line,  and  the  dark  D  lines  are  always  visible  with 
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a  telescope  as  ifirjye  as  the  Lick  refractor.  Certnin  fniiuer  brtglit 
lines  are  visible  except  at  the  lime  of  n  princijml  ininiinuni. 

2.  The  variations  in  the  light  of  the  s-tar  arc  principally  due 
to  changes  in  the  brightness  of  the  continuous  spcctnim. 

3  The  bright  lines  are  brightest  when  the  continuous  spec- 
trum is  brightest.  This  is  the  cnse  in  most  of  the  observations. 
Certain  exceptions  may  possibly  be  real,  in  which  case  they 
woultl  indicate  citlier  irregular  variations  cjf  brightness, or  a  vari- 
ation hanng  a  period  different  from  that  of  the  star,  or  they 
may  be  due  to  errors  of  estimation  nrising  from  the  <Iiniinishcd 
brightness  of  the  continuous  spectrum  at  the  time  of  a  principal 
minimum. 

4-.  The  bright  lines  are  broad  and  difTusc,  particularly  when 
the  star  is  at  a  maximum.  The  U  lines  arc  very  hazy,  so  that 
the  components  arc  hardly  distiuguishablc. 

5.  Onring  the  greater  part  of  tlic  period  of  the  star  no  remark- 
able changes  occur  in  the  appearance  of  the  spectrum.  The  ob- 
servations fail  to  show  any  connection  between  changes  in  the 
spectrum  nnd  the  secondary  niininunn  of  the  star. 

G.  The  most  remarkable  changes  take  place  at  the  time  of  a 
principal  minimum.  The  bright  lines  become  dimmer,  and  per- 
haps  sharper.  The  fainter  bright  lines  disappear.  The  D  lines  In- 
come darker,  Sirong  absorption  lines  api>ear  on  the  more  re- 
frangible side  of  certain  bright  lines  in  the  green,  the  separation 
of  the  dark  and  bright  lines  Ix'ing  at  least  five  lenth-nictrcs. 
Other  bright  lines  are  |)erhaps  similarly  ntfectcd.  A  narrow  dark 
line  flpiKHTs  above  the  Ih  line  at  the  same  time.  Shortly  before 
the  first  maximum  is  reached  the  dark  lines  disappear." 

The  most  complete  observuiious  on  p  Lvrjc,  which  have  been 
made  up  to  the  this  time  are  those  of  Beloiwlsky.*  They  arc 
of  especial  importance  because  the  instrument  used  was  the  30-in. 
Pulkowa  rclractor.  Twenty-five  siKVlrograms  were  obtained  be- 
tween Aug.  2+  and  Nov.  2G,  1892.  On  aeeounl  of  the  aclmmiat- 
ising  of  the  object  glass  for  visual  rays.  Edward's  orthoehrom- 
atic  plates  were  used,  and  the  photograms  are  of  the  portion  of 
the  spectrum  Ijetwecn  [>arid  H^. 

Belopolsky  has  made  a  special  study  of  the  F  line  (H/t).  tlie  D, 
line,  and  the  group  at  A  -W-T/'/*  and  44S;o'.  and  has  given  besides 
n  table  of  all  the  lines  which  could  be  recognized  in  that  portion 
of  the  spcctniin  lying  Ijetween  D  and  H>'.    Accompanying  the 
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memoir  arc  sevt-n  rlrnwin^  of  the  spectrum  as  it  nppeflrs  at  dif- 
fcrefit  phases  of  the  light  period.  These  are  of  interest  especially 
in  reference  to  the  changes  of  the  bright  and  dark  F  line,  as  the.r 
are  in  complete  accord  with  the  changes  observed  here  in  the  Hr 
line,  which  lies  far  in  the  violet.  The  descnfUinn  which  Bciopnl* 
Bky  gives  of  the  changes  in  the  F  line  agree  very  well  with  the  oti- 
servatioiis  [of  the  same  line]  made  here  at  certain  limes.  A 
translation  of  this  description  is  as  follows : 

"  At  the  time  of  the  principal  miiiiniuin,  the  bright  line  is  single 
and  lies  on  one  side  of  a  dark  line.  {At  a  considerable  distance, 
quite  by  itself,  there  can  1>eseen  a  second  dark  line.)  At  the  lime 
of  the  succeeding  maximum,  the  bright  line  begins  to  become 
double,  the  component  on  the  violet  side  being  very  nnrrow. 
During  the  second  minimum,  the  bright  line  becomes  double,  and 
nearly  symmetrical.  During  the  second  nmxintum,  the  appear- 
ance changes  but  slightly,  the  component  on  the  red  side  l>ecom. 
ing,  however,  narrower  than  the  other.  Alter  this  ransimum* 
there  appears  on  the  outer  edge  of  thnt.companent  which  lies  to- 
wards the  red  a  dark  line." 

This  Inst  statement  is  remarkable,  because  in  the  observation* 
made  here  in  case  of  the  H(i  line  and  HX  line  as  well,  there  is  noted 
the  apiwarnnce  of  a  dark  line  on  ihc  red  side  of  the  bright  line  at 
at  the  time  of  the  second  maximum. 

From  the  <lra  wing  of  Oct.  7  we  get  further  confirmation  of  the 
observations  which  were  made  herein  that  nftcr  the  second  max- 
imum the  component  of  the  bright  line  towards  the  sinaller  wave- 
lengths is  decidedly  broader  than  at  the  time  of  the  second  max- 
imnm  according  to  the  drawing  of  Oct.  2;  and  that  1.3  days /w- 
(orv  the  principal  minimum  ((X't.  8.6)  the  ap|)earance  of  the  line  is 
entirely  different  from  that  at  the  time  of  the  minimum. 

On  the  Fulkowa  photograms,  a  comparison  spectrum,  hydro- 
gen, iron  ('r  sodium,  is  photographed  simultaneiiusly  with  the 
spectrum  of  the  star;  and  in  this  way  it  is  possible  to  determine 
from  filieen  plates  the  moti<ins  of  tfie  bright  F  line  during  the 
lighi-iieriod  of  12.9  days.  The  results  are  in  surprising  agree- 
ment with  the  jwriod ;  and  I  give  here  the  measurements  them- 
selves, to  which  1  have  added  for  comparison  the  times  ol  the 
chief  divisions  of  the  phases  of  the  light-variation. 

"  Iklopnlsky  sftva,  p  104:  "Apres  ee  mnximam."  "Yet  on  p.  107  ihi»  durk 
line  i«  furtlicr  d««vril>cd,  nixl  wc  arc  tnlil  thnt  ii  wns  luxn  on  Srpt.  8  anil  Not.  35, 
1^92.  lliiii  isotiediiy  b«fure  thenecund  rnnximuni.  C')rR»|H>n(Jtiig  to  the  otj^irrvn* 
tionit  nmfle  Iwrrr. 
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.A.  positive  motion  in  this  tnblc  mcnn.s  a  displacement  towards 
the  red.  IWlopiilskv  next  deduces  from  liis  ohserviitiimR  thiit  at 
the  times  of  the  principnl  (or  first)  minininrn  nnd  the  sa-ond 
minimum  llint  component  of  the  vclucitv  of  the  I>rt;^ht  lini;,  which 
lies  in  the  line  of  sight  =  0,  while  nt  the  time  of  the  firvt  max- 
imnm  it  is  nenrty  -^  82,  nnd  at  the  time  of  the  second  ninxinrnm 
it  is  —  fi2  kilometres  [kt  sec.  The  disphicemeni  iif  the  dark  lines 
with  reference  to  the  nrtificin.]  hydrogen  F  line  was  also  deter- 
mined; nnd  I  have  incluiled  these  uicnsnrements  in  the  aliove 
table,  placing  in  the  last  colnnin  the  exjuncnt  of  the  relative 
motion  of  the  two  lines  in  the  sense  of  bright  line  —  dark  hue. 

l.'nfortunatcly  I  oni  not  in  a  condition  to  directly  verify  these 
measurements,  liecaiise,  as  I  have  iilrendy  mentioned  wc  have  not 
yet  succeeded  in  satisfactorily  carrying  out  measurements  of  the 
displacement  of  the  lines  in  ihc  stellar  siK-ctrimi  with  reference  to 
the  lines  in  the  spectrum  'jf  an  iirtiticial  source.  It  is  however 
noteworthy  that  all  the  vjduea  for  the  displacement  of  the  dark 
line  arc  negative,  although  there  must  be  assumed  some  connec- 
tion between  it  and  the  bright  line;  while  for  the  bright  line,  var- 
iations are  found  towards  the  positive  and  negative  side,  which 
so  balance  each  other  that  there  is  no  evidence  any  motion  of  the 
hypothetical  system  itself. 

We  must  note  that  unfortunately  the  pb8cr\*ation8  are  incom- 
plete for  the  times  of  the  principal  mininiim.  Once,  on  Sept.  25, 
the  displacement  of  the  dark  titic  is  not  measured ;  a  second  time, 
on  Oct.  22,  acconling  to  Belopolsky's  description,  the  displace- 
ment of  the  bright  line  could  not  be  measured,  because  its  edge 
was  covered  (?)  by  the  dark  line.  It  is  apparent  from  the  des- 
cription of  the  Pulkowii  spectrograms  as  well  as  from  the  draw- 

*  "  Ua  bord  est  convert  par  la  raie  Boaibre,  impotalble  de  meaurer." 


iiigs  matlc  from  the  obser\'ations  taken  there,  that  at  the  lime 
of  the  principal  minimum  and  also  the  first  maximum  the 
distance  l)el\vecn  the  hiiglit  and  dark  tines  is  the  greatest. 
Accordingly  we  woidd  expect  In  find  for  the  bright  line  on  Oct, 
22  a  fitrong  positive  motion  of  perhaps  75  kilometres,  or  at  least 
as  great  as  at  t!ie  time  of  the  next  dny  of  ohser%-ations  which 
falls  after  the  first  maximum,  and  therefore  the  regularity  would 
be  greatly  disturbed,  with  which  the  observed  points  lie  on  the 
curve  for  the  displacement. — a  curve  which  ts  based  on  the  ex- 
ceedingly improbable  assumption  of  a  nearly  circular  orbil . 

The  measurements  were  moreover  difficult,  even  with  the  pow- 
erful  resources  of  the  Pulkowa  Observatory;  so  that  consider- 
able variations  need  not  cause  suqirise.  Besides  I  must  once 
more  mention  the  fact  that  the  measurements  cannot  be  regarded 
as  entirely  free  from  objection,  since,  on  account  of  the  partial 
superposition  of  the  bright  line  on  the  absorption  line,  we  should 
expect  t<i  find  that  the  positions  of  the  lines  ore  reciprocally  in. 
fluenced. 

In  reference  to  the  drawings,  which  were  evidently  made  with 
great  care,  it  is  surprising  that  in  the  first  three  the  bright  and 
dark  F  lines  in  the  stellar  spectrum  should  appear  in  relation  to 
the  artificial  line  differently  from  the  way  they  ought  to  accord, 
ing  to  the  mensurements. 

Belopolsky  lielieves  that  he  finds  an  explanation  of  the  phenom- 
ena in  the  assumption  that  a  body  whose  spectrum  gives  the 
bright  lines  produces  a  partial  eclipse  of  another  body  by  passing 
over  it  at  the  time  of  the  minimum.  One  ground  for  this  assump. 
lion  is  that  the  continuous  spectrum  iK-comes  weak  at  the  time  of 
the  principal  minimum,  while  the  bright  F  line  shows  no  corres- 
ponding decrease  in  intensity.  From  the  oljscr^-ed  maximum 
velocity  of  the  motion  of  the  bright  lines  of  89  kilometres  and 
the  period  of  12.9  days,  he  calcalaies  the  radius  of  the  orbit  (as- 
sumc<l  to  be  circular)  to  be  in  round  numbers  fifteen  million  kilo- 
metres;  the  mass  of  the  system  is  then  equal  to  that  of  the  Sun. 

In  my  opinion  the  time  has  not  yet  come  for  an  exhaustive  ex- 
planation of  these  very  complicated  phenomena,  because  I  do  not 
regard  even  the  great  mass  of  observations  here*  given  as  suffi- 
cient for  this  i)nrposc.  Yet  I  do  not  question  the  fact  that  the 
imitortaiit  features  of  the  variations  in  the  lines  can  be  shown  to 
dei>end  upon  the  motion  of  neighboring  celestial  bodies.  It  can, 
however,  Ijc  settled  only  by  further  observations,  whether  or  not 
the  assumption  of  two  bodies  will  suffice  for  an  explanation  of 
the  fluctuations  in  the  light,  and  the  alterations  in  the  spcctniin 
80  far  as  they  refer  to  the  lines. 
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As  Ihe  existence  of  very  close  doubIe«slnrs  has  l»een  conclusively 
pro%-ed  by  mt-ans  of  the  spectroscope,  the  peculiar  chnujfes  in  the 
light  o(  ft  Lync  can  lie  exp!nine<l  by  the  close  passnge  of  two 
celestial  bodies,  one  of  which  emits  less  light  than  the  other,  on 
the  nssiiinption  of  a  nearly  circular  orbit,  or  an  elliptical  one 
whose  major  axis  coincides  with  the  line  of  siglit  and  whose 
periastron  is  Icvards  the  Sun.  When  the  diininer  of  the  two 
passes  in  front  of  the  briphter  and  partially  covers  it,  we  have 
the  principal  iTiinimum;  the  two  equal  maxima  occur  when  the 
line  joining  the  centres  of  the  two  bodies  is  perpendicular  to  the 
line  of  sight;  the  second  minimum  follows  when  the  bright  body 
partially  conceals  the  dimmer  one.  On  the  other  hand,  the  rela- 
tive displacements  of  the  lines  can  Ixr  explained  by  the  revolution 
of  two  bodies,  one  etuiltiiig  a  bright  line  spectrum  the  other 
having  an  absorption  sijccirum,  provided  that  the  orbit  deviates 
widely  from  a  circle,  and  the  major  axis  of  the  orbit  makes  a  con- 
siderable angle  with  the  line  of  sight.  Both  phenomena  cannot 
be  brought  successfully  under  one  assumption. 

Returning  again  to  Bclopolsky's  conception,  I  wish  to  cnll  «l- 
tention  to  the  fact  that  if  one  of  the  bodies  gives  a  bright-line 
spectrum,  it  must  l>e  assumed  that  the  spectrum  with  the  dark 
lines  belongs  to  that  body  which  is  eclipsed  at  the  time  of  the 
minimum.  In  this  case,  at  the  limes  of  the  principal  and  f^ubsi- 
diary  minima,  the  components  in  the  line  of  sight  of  the  motions 
of  both  stars  must  vanish;  the  centres  of  the  bright  and  dark 
lines  must  coincide.  At  the  times  of  the  the  maxima,  the  com- 
ponent of  the  motion  in  the  lino  of  sight  must  have  its  greatest 
valne,  dark  and  bright  must  be  relntivcly  displaced,  and  in  op- 
posite directions  at  the  two  mnxinm.  All  this,  however,  is 
directly  contrary  to  oI»servntion. 

Father  Sidgrenvcs  has  recently  published*  his  observations  on 
the  s|>ectruni  of  fi  Lyrae.  They  were  made  with  a  spectroscope 
without  a  slit,  in  connection  with  an  8-ineh  refractor.  Forty-five 
plates  in  all  were  taken,  ten  in  the  spring  of  1892,  the  rest  in  May 
and  August,  1893.  The  time  of  exposure  is  not  definitely  stated. 
yet  it  follows  from  the  description  that  it  must  have  licen  long; 
and  that  most  of  the  poor  plates  were  the  result  of  under  expos- 
ure. No  essentially  new  points  of  view  arc  gained  from  these 
observations.  They  are  confined  mainly  to  the  changes  in  the 
Hy  line  and  the  lines  at  4-[i9fi/i  and  447/</<,  since  other  portions 
of  the  spectrum  were  to  difTuse  or  too  weak  to  permit  a  study  of 
the  details.    This  much,  though,  can  he  noted,  that  on  the  plate 

•Ijontblr  NotHX9  Vol.  LIV,  p.  90. 


which  ncconipaiiics  his  pajjer  and  in  which  are  given  the  changes 
in  the  lines  from  day  to  day  throughout  the  light  perio<],  the  Hfi 
Hne.  lying  nt  one  limit,  is  always  represented  as  bright,  the  Hrf 
line,  lying  at  the  other  limit,  is  always  represented  as  dork.  ! 
might  olwcrve  further  that  our  observations  here  show  that  it  is 
hardly  Allowable  to  combine,  as  Sidgreaves  does,  observations 
made  months  apart,  in  order  to  show  the  changes  in  the  linei 
during  the  Hght-i>eriod.  However  the  obser\'ations  of  Sidgrravea 
may  assume  greater  importance  when  they  are  published  in  a 
more  detailed  form. 


NOTF.  ON  THE  SPECTRUU  OF  THE  GREAT  NEBULA  IN  ORtON.* 


WILLIAM  UUGGIKS. 


With  reference  to  L'rofessor  Campbell's  observations  on  the 
sjx'ctrum  of  the  Orion  nebula  (p.  384)  it  may  be  well  for  me  to 
state  at  once  that  the  photographs  talcen  IS.'ijB-lSOO  are  still  in 
good  condition,  and  fully  justify  the  interpretation  we  put  upon 
them  at  the  time.  We  regret  very  much  that  the  small  scale  of 
the  photographs,  and  the  delicacy  of  siime  of  the  detaiU  make  it 
impossible  to  reproduce  them,  in  a  suflTiciently  ade<|uale  manner. 
for  paljlication. 

It  was  our  intention  to  work  on  this  nebula  last  autumn,  but 
the  spectroscope  designed  for  this  work  was  not  comi)lctcd  in 
time.  We  hope  to  do  so  next  season,  and  will  give  special  attcn* 
tion  to  the  points  on  w  hich  Professor  Campljell's  recent  observa- 
tions differ  irom  our  earlier  ones. 

As  Professor  Campbell's  remarks  on  the  broadening  of  certain 
portions  of  the  lines  upon  our  plates  (pp.  391-393)  seem  to  show 
tliat  he  has  not  understood  correctly  the  interpretation  xve  put 
upon  this  api>earence,  I  may  say  now  that  the  view  we  took,  and 
still  hold  is  that  this  broatlening  is  purely  a  photographic  spread- 
ing on  account  of  greater  brightness  of  the  line  at  that  place. 
Tliis  greater  brightness  migh  t  be  due  to  more  energetic  radiation , 
but  is  to  be  attributed  more  probably  to  radiation  from  a  large 
number  of  molecules  in  consequence  of  a  greater  depth  of  the 
nebula  in  the  line  of  sight,  or  of  local  condensation,  at  these 
places. 

Further  we  suspected  that  the  strong  photographic  line  at 
3727  may  vary  in  brightness  relatively  to  the  hydrogen  lines,  at 

*  CommuDicated  by  the  author. 


Temperatare  of  the  Fixed  Stars  and  of  the  Sun.         569 


difiTerent  points  of  the  nebula,  in  a  manner  similar  to  the  known 
variation  in  the  visible  rc^inn  of  the  principal  line  to  the  line  of 
hydrogen  at  F. 

In  the  construction  of  a  spectroscope  for  taking  photographs  of 
the  si)ectra  of  stars  as  earlv  na  1876  {Phil.  Trans.  1880,  p.  fi70). 

1  reduced  the  time  of  exposure  by  using  a  short  camera  with  a 

lens  nr6V^.mcbe8  focal  length  and  a  ratio  of  nearly -j-.    In  one  of 

the  teleftcopes  recently  constructed  the  camera  lens  has  half  the 
focal  length  only  of  the  lens  of  the  collimator,  namely  12  inches 
and  an  iiperttirc  2Vt-inche8.  In  the  other  instrument  with  a 
longer  collimator,  the  camera  lens  has  a  focal  length  of  5%-inchc9 

only,  and  a  ratio  of  -.-  nearly. 


THE  TEMPEKATURE  OF  THE  SURFACE  OK  THE  FIXED  STARS 
AND  OF  THE  SUN.  COMPAR&D  WITH  THAT  OF  TERRESTRIAL 
SOURCES  OF  HEAT.' 


J.  BCIISIKRR. 

In  the  course  of  my  investigations  on  the  spectra  of  the 
brighter  stars,  with  the  aid  of  photographs  taken  at  the  Pots- 
dam Observatory.  I  was  struck  by  the  peculiar  behavior  of  a  line 
{A  4-182)  which  belongs  to  the  spectrum  of  magnesium.  In  nearly 
all  spvctrn  belonging  to  class  I  this  line  is  prominent,  either  ou  ac- 
count of  its  breadth  or  its  intensity;  in  spectra  of  this  class 
which  contain  four  lines,  it  even  equals  the  hydrogen  lines  in 
width.  It  is  also  very  prominent  in  the  spectra  of  Sinus.  Vega, 
Procyon  and  other  stars  in  whose  spectra  lines  are  more  abund- 
ant, although  not  in  the  same  degree  ns  in  those  tirst  mentioned ; 
on  the  other  hand  it  is  weak  in  the  solar  s])ectrum  and  in  the 
other  spectra  of  class  II— indeed  in  some  representatives  of  this 
class  it  does  not  appear,— and  it  seems  as  if  this  litic  lieconics 
weaker  the  closer  the  spectrum  approaches  to  Class  III. 

In  tite  spectrum  of  nmgnesium  when  produced  artificially  this 
line  is  also  subject  to  great  variations  in  breadth  and  intensitii'. 
It  cannot  he  recognized  in  Ihe  si>eccrum  of  the  magnesium  flame, 
or  in  that  of  magnesium  vapor  in  the  electric  arc.  but  it  reaches  u 
verj'  great  intensity  and  breadth  in  the  spark  spectrum.  Living 
and  Dewart  have  called  attention  to  this  fjchavior  of  the  line,  and 

*  Trnnatnid  frnm  ttir  fiitzungaberiehtc  dtr  k.pnuss.  Akndemie  tkr  Wisseo- 
tchafienMu  Btriia,  .Marcli,  lti<.)4. 
t  Prot  Roy.  S<K..  X.XX.  p.  93. 
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the  iiivcstijiations  of  Kavser  and  Rungc.ns  well  as  my  own  obaer- 
vations,  arc  in  confirmHtioi]  of  their  statements. 

It  is  of  course  natural  to  ascrihc  the  pecularities  of  ibc  line  to 
iliAerciiccs  of  temperature  of  the  inaKnesium  vapor  in  iht  electric 
arc  and  in  the  spark,  and  therefrom  to  draw  further  conclusiuns 
as  to  the  teniperattire  of  the  fixed  stars;  it  is  however  in)pos$ihle 
to  shar]>ly  M-parale  the  influence  of  lempcrntnrc  (rom  that  of 
pressure,  and  the  only  allowahle conclusion  with  reference  to  the 
stars  is,  that  ningnesinm  vapor  in  stars  of  Class  I  is  in  the  same 
condition  as  in  electric  sparks  of  high  tension,  and  in  stars  be- 
longing to  Class  II  it  is  in  the  same  condition  as  in  the  electric 
arc. 

But  it  is  remarkable  that  another  line  of  the  maj^esium  sjtec- 
Imm  (A  4352)  behaves,  according  to  my  observations,  in  just  the 
contrary  manner  to  that  described  above.  It  docs  not  apjjcar 
in  any  of  the  spectra  of  Class  I  containing  tour  lines,  but  tjcgins 
to  be  visible  in  richer  sjx'ctra  of  this  class:  is  very  prominent 
in  the  Sun  and  stars  of  Class  Ha,  and  in  a  Ononis  (Class 
III<i)  is  one  of  the  strongest  lines  in  the  spectrum.  In  laborator>- 
expcrimcnts  also,  this  line  has  just  the  reverse  appearance  of  that 
at  A  44.S2.  In  the  spark  spectrum  it  is  hardly  if  al  all  rccognix- 
able,  while  in  the  arc  spectrum  it  is  very  strong  and  broad.  Liv- 
ing niid  fJcwar  have  also  noticed  this  peculiar  character  of  the 
line. 

The  favorable  circumstances  that  two  lines  belonging  to  Uic 
same  substance  have  this  opposite  behavior,  proves  at  once  that 
the  appearances  presented  by  these  lines  in  the  stars  depend  only 
on  the  temperature  and  not  on  the  pressure.  AVith  increased  press- 
ure alt  the  lines  of  a  gas  become  broader  and  more  prominent;  it 
cannot  happen  as  a  conseciuenee  of  KirehhofTs  law  that  a  line 
can  narrow  with  increased  pressure.  On  the  other  hand  it  is  a 
well-known  fact  that  single  lines  may  become  weaker  and  nar- 
rower at  higher  temperatures,  although  in  general  lines  under 
these  conditions  became  stronger  and  broader.  I  believe  there- 
fore that  I  am  justiBed  in  making  the  following  statement : 

The  temperature  of  the  so-called  rcvci-sing  layer— the  outermost 
layer  of  the  photosphere— in  stars  of  class  Ilia  is  approximately 
<qual  to  that  of  the  electric  arc  (tthoitt  3000*  or  4000°  C.) ;  in 
the  Sun,  and  in  stars  of  class  lla  the  tempraturc  is  higher,  bnt 
does  not  reach  that  of  the  spark  of  a  I-cydcn  jar;  in  stars  of 
class  la  it  is  approximately  equal  to  the  temperature  of  this 
spark  (upper  limit  about  15000"*  C). 

With  this  result  is  also  given,  for  the  first  time,  a  direct  proof  of 


the  correctness  of  the  phvflical  interpretation  of  VorcI'*  spectral 
chtsses,  Bccordiiig  to  which  cinsa  II  is  ileveIo|)«1  by  cooling  from 
],  i\nt\  III  by  n  further  process  of  cooUtig  from  11. 


NOTE  ON  THB  SPECTRA  OP  COMETS  b  »nd  c  IM).* 


w  w  eASfPBBi.1.. 


Tofcssor  Kav&rr.  in  a  ,\'vte  ou  tbc  Spectm  o/  Co /wets  in  the 
March  numixi-  of  this  journal  based  upoti  my  observiitionsl  of 
Comet  h  1893,  refers  to  my  comparisons  of  the  couiet  briglit-Une 
spectrum  with  the  artificinl  s|>i:cLra  of  carbon  aiul  cya«o),a-n  only 
by  saying  thai  I  have  "cotnitiiLleil  some  mistakef^."  I  have  read 
Profesf^or  Kayser's  note  with  ^reat  care  (and  considernble  anti- 
cipatiun).  and  fmd  the  "mistakes"  attrtbuied  to  me  lire  two  in 
'  number.  Xow  with  perfect  resi>ect  for  Professor  Kayser  and  his 
excellent  work,  T  would  point  nut  that  his  nse  of  the  EiiKlish  ex- 
presssion  "connnitted  some  mistakes"  is  unfortunate  and  mis- 
leading. 
One  of  the  "  mistakes  comniiited"  is: 

(a).  *'Cami)belI  sttpposes  that  this  part  of  tlie  s]M."Ctriim  (itf 
carbon  and  cyanogen,  between  X  4-3G  and  A  4-1^3]  has  not  been 
coveretl  by  our  work,  but  here  he  is  mistaken."  This  xn  not  a 
scientific  point,  and  must  not  be  discussed  by  me.  I  can  only 
Judge  of  what  has  l>een  done  by  what  has  been  published.  My 
reasons  for  saying,  "The  region  A  4'36-A  \'2,'6  does  not  appear  to 
have  l)ecn  coveretl  by  the  work  of  Kayser  and  Runge,"  were 
taken  from  their  publication, t  and  are  as  follows: 

1.  In  describing  the  spectrum  they  say,  on  page  5,  "*  *  *  no 
part  of  the  spectrum  between  \  =  020(f^i  and  A  =  S40;4;<  is  free 
from  carbon  lines:  there  are  certainly  over  10,(>00  of  them." — 
This  led  me  to  suppose  that  the  region  \  43(>-A  -1^23  contains 
numerous  lines.  Further.  Angstrfim  and  others  place  the  limits 
of  the  fifth  carbon  band  at  -t  438  and  A  423;  and  H.  W.  Vogel's 
photogra])hs  of  cyanogen-flame  and  Bunsen-flame  spectra  show 
a  numl>er  of  very  prominent  lines  in  the  region  43G-A  423. 

2.  In  the  next  paragraph,  page  fi,  they  say,  "  We  naturally  did 
not  plan  to  measure  the  wave-lengths  of  all  these  lines ;  we  coo- 
fined  oureelves  indeed  to  giving  in  detail  the  second,  third  and 
fourth  cyanogen  bands  (at  X  422,  A  388.  A  359;)  likewise,  as,  an 

*  Cotnmanicnted  by  the  Buthor. 

t  Docridod  in  A.  &  A.-P-  for  Aufftnit,  1893. 

t  lo  AbbModluagen  d.  Berlin.  Akud..  1SS9. 
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example  of  a  carbon  band,  tlir  green  Uand  whicli  begins  at  A  516; 
and  finally,  for  reasons  which  will  api»enr  later,  the  begir.uing  of 
the  band  at  \  4-74-."— It  will  be  seen  that  the  tegion  A  436-.^  428 
is  not  indaded  in  their  program  of  work. 

3.  There  are  five  bands  in  the  spectrum  of  carbon.  They  pul>. 
lish  three  wave-lengths  in  the  second  band,  and  verbally  describe 
the  first  and  second  bands  on  px^e  K.  Their  mcnsares  and  pho- 
tographs describe  the  third  and  fourth  t)ands  perfectly.  Each  of 
the  first  fonr  bands  contains  a  large  iinnilK-r  at"  lines.  They  pub- 
lish three  wave-lengths  in  the  fifth  band  (4382.  +371.  4365),  and 
I  did  not  find  further  infttrmaiion  concerning  this  band  in  any 
part  of  their  paper.  For  the  region  A  436-.\  423,  constituting 
nearly  the  whole  of  the  fifth  band,  no  photographs,  nor  wave- 
lengths, nor  verbal  descriptions,  nre  given.  It  seemed  to  lie  a 
part  of  the  carbon  spectrum  not  described  by  them  in  any  man- 
ner  whatever.  ^ 

The  other  "mistake"  is  this: 

{It).  "Campbell  erroneonsly  compares  the  first  three  of  these 
lines  [meaning  4<t9S,  4073,  4052]  with  lines  measured  by  us  in 
the  second  group  of  cyanogen,  which  are  much  too  weak  to  have 
been  seen  in  the  comet." — Their  i)ubli«hed  photographs  do  not 
cover  all  this  region;  and  from  their  list  of  wave-lengths  I 
selected  three  lines  because  they  occupy  the  proper  positions  for 
coinciding  with  three  observed  comet  lines  an<l  are  marked 
"stark"  (that  is,  strong  or  relatively  bright).  If  Professor 
Kayser  holds  that  they  are  much  too  faint  to  appear  in  the 
comet,  I  readily  agree  that  the  comparison  at  that  point  is  of 
small  weight ;  but  it  docs  not  constitute  a  jjositive  "  mistake." 

In  all  other  points  Professor  Kayser  arrives  at  identically  the 
same  conclusions  reached  bv  me  last  year."  except  that  he  give* 
one  additional  coincidence  at  A  509  (with  Augstrotn  and  Thalen's 
5098  carbon  line),  and  ascrilws  the  comet  lines  A  43G6,  A  4313 
without  doubt  to  two  bands  of  burning  hydro-carbon.  whereas 
I  attributed  them  to  possible  lines  in  the  fiame  spectrum  of 
cyanogen.  The  subject  is  of  sufficient  importance  to  warrant  the 
reproduction  of  my  table  of  comparisons,  and  include  in  it  the 
results  just  ofiercd  by  Professor  Kayser.  His  acknowledged  au- 
thority on  carbon  Jind  other  sjjcctra  gives  these  results  great 
weight,  and  his  closing  sentence  contains  an  hypothesis  which,  if 
finally  confirmed  'will  be  most  impoi'tnnt. 

'  In  A.  AKD  A.-P.  for  Au>nut,  1S93,  and  tiiurc  complete  coninjiriBonf  iu  Pabt. 
AstT.  S(x.  Pac.  for  Sept.  181)3. 


W.  W.  Campbvli.      j 
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Professor  Kayser  calls  attention  to  the  fact  that  a  cyanogen 
group  of  lines  at  A  461-A  450  was  not  observed  in  this  comet,  per- 
haps owing  to  faintness,  or  because  it  might  l>e  covered  by  the 
end  of  the  fourth  carhan  group.    .\  careful  rc-exami nation  of  the 

*  Angntrom  and  Thnlen. 
f  SwAn.  lfn»wlbrrg,  WatU. 
J  Watt*. 


negatives  has  revealed  no  signs  of  its  presence.  But  I  probably 
observed  thatgroii|>  visuallj'  in  Comec  c  1893.  <The  spectrum 
is  described  lu  Piibl..  A.  S.  P.,  pp.  208-10).  In  this  comet,  in  ad> 
ditioii  to  the  tlircc  carhon  bands  usually  present,  I  observed  two 
bands  possibly  not  hitherto  seen  :  one  at  A  4S5  which  I  attributed 
to  the  cyanogen  x'^'T  ^^  ''"^''  .shown  in  H.  W.  Vogel's  photo- 
graphs, and  a  narrow  band  or  line  near  A  4-863,  which  may  pos- 
sibly  l>c  the  Hfi  hydro^n  line.  The  green  nnd  blue  carbon  bnnds 
in  this  spectrum  were  much  narrower,  and  more  suddenly  term- 
inated on  the  more  retVangibte  side  thnn  usual.  The  two  extra 
bands,  in  addition  to  the  usual  three,  were  observed  on  four 
nights.  It  was  not  possible  to  get  photographs  of  the  si>ectrum. 
Lick  Odservatorv,  1894,  March  20. 


OK   THE  PHOTOGRAPHIC  SPECTRUM    OP  THE    GREAT    NEBULA    IN 

ORION.- 


J.  NORMAM  LOCKVGR,  C.  B.,  P.  R   S. 


The  paper  consists  of  a  description  and  discussion  of  photo- 
graphs of  the  siKX-trum  of  the  Oriou  Nebula,  taken  with  the  30- 
inch  reflector  at  Westgatc-on-Sea  in  February,  1890,  of  which  a 
preliminary  account  was  communicated  to  the  Royal  Society  at 
the  time.  Fifty-four  hues  are  tabulated  as  Ijelonging  to  the  spec- 
trum of  the  nebula,  nine  of  them  being  due  to  hydrogen.  Tabli 
are  given  showing: 

1.  The  wave-lengths,  intensities,  and   probable  origins  of  the 

lines  photographed  in  the  spectrum  of  the  nebula. 

2.  A  comparison  of  the  lines  in  the  spectrum  of  the  nebula 
with  lines  in  the  spectra  of  (a)  P.  Cygni,  {b)  bright  Hnc 
stars  and  planetary  nebnlm.  nnd  (c)  stars  in  Groups  II, 
III,  and  IV,  of  the  classi6cation  according  to  the  nieteor- 
itic  hypothcsis- 

Tbc  complete  discussion  has  led  to  the  following  general  con- 
clusions: — 

1.  The  spectrum  of  the  nebula  of  Orion  is  a  compound  one 
consisting  of  hydrogen  lines,  low  tcm|jeraturc  metallic  lines  and 
flutiiigs,  and  high  teni|>erature  lines.  The  mean  lemiieratuFC, 
however,  is  relatively  low.f 

*  Abfitractofa  paper  reni]  lirfore  lIk  Ro>-nl  Society.  Commnnicatcd  l>>-  tlic 
aoibor. 

t  Jtor.  Soc.  Proc.  Vol.  43.  p.  152. 1887. 


2.  The  si>«:trmii  is  different  in  dificrcnt  purls  of  the  nebula. 

3.  The  spectrum  tjears  a  ^trikin};  resemblance  to  that  of  the 
planetun.'  nebulte  and  bright  line  Ktars. 

4.  The  suggestion,  tlierefore.  ihat  these  nre  bodies  whieh  must 
he  closely  associated  iu  any  valid  scheme  of  classificalion  is  con- 
firmed. 

o.  Many  of  the  lines  which  appear  bright  in  the  spectrum  of 
the  nebula  appear  dark  in  the  spectra  of  stars  of  Groups  II  and 
III;  and  in  the  earlier  stars  of  Group  IV,  and  u  gradual  change 
from  bright  to  dark  lines  has  been  fouud. 

G.  The  view,  therefore,  that  bright  line  stars  occupy  an  inter- 
mediate position  between  iiebulfe  and  stars  of  Groujjs  II  and  III 
is  greatly  strengthened  by  these  researches. 


THE  SPECTRUM  CHANGES  IN  H  LYR«.    PRELIMINARV  NOTE." 


].  MORMAX  I.OCKVUR.  C.  H  .  P   K.  ». 


The  spectrum  of  this  well  known  variable  star  was  fii-st  investi- 

ited  photographically  bv  Professor  Pickering,  at  Harvard  C<jI- 
lege  Observatory,  and  a  preliminary  account  of  the  results  wns 
published  in  1891.f  Dark  and  briglit  lines  were  founil  to  be  as- 
sociated in  the  spectrum,  and  further,  the  bright  lines  were  found 
to  change  their  positions  >vith  respect  to  the  corres[K>nfling  dark 
ones  according  to  the  interval  of  time  which  had  elapsed  since  the 
])receding  minimum. 

It  may  be  remarked  that  the  period  of  the  light-changes  of  the 
star  is  about  twelve  days  twenty-two  hours,  and  there  nre  two 
approximately  equal  maxima  of  mag.  3.-^,  a  principal  minimum 
of  mag.  4.5,  and  a  secondary  minimum  of  3.9,  the  i>eri(>d  of  vnria* 
lion  stated  being  that  which  elaiwcs  between  two  iiuccessivc  prin- 
cipal minima. 

Professor  Pickering  found  that  during  the  first  half  o(  the 
period— that  is,  between  principal  and  secondary  minima— the 
bright  lines  were  on  t!ie  less  refrangible  sides  of  the  correspond- 
ing dark  ones,  while  during  the  second  half  they  were  displaced 
to  the  more  refrangible  sides.  He  further  remarked  that  "the 
actual  changes  in  the  spectra,  when  studied  in  detail,  are  much 
more  complicated  than  has  been  stated  above,  and  show  a  vari- 
ety of  intermediate  phases  and  changes  in  the  rtarlt  ns  well  ns  in 
thebright  lines  "  • 

*  Read  lirfitTc  >l)c  Roval  &)cictv.     Crxnmutliciiml  bv  ttir  natllur. 
t  Au.  Sacii..  2707;  f")ti-«rvato'r.v.  IHUl,  p.  3*1. 


At  Prufcssor  Pickeriug's  reqnest,  I  took  u]i  the  work  at  Ken- 
sington in  July,  1891,  the  instrument  employed  being  the  G*inch 
Henry  object  glass  and  prism  of  TVi",  which  I  have  described  in  a 
previous  communication*  Several  photographs  were  taken  with 
this  instrument,  but  it  was  not  until  the  new  6<inch  prism  of  45^f 
was  employed  in  the  research  that  any  considerable  advance  watt 
made.  With  the  higher  dis|}ersiun  of  this  instrument  the  spec- 
trum is  depicted  in  greater  detail,  !<nd  more  minute  chiingcs  van 
therelbre  be  determined. 

Since  my  work  was  commenced,  accounts  ol  the  photographic 
spectrum  of /^  Lyra:  have  been  publishe<l  by  Uclopolsky.i:  I-"atbcr 
Sidgreaves,§  and  Vogel,l|  ami  vtirious  suggestions  ht'ive  been  made 
by  thcni  and  others  ns  to  the  conditions  which  bring  about  the 
variability. 

0»  this  account,  although  the  reductions  of  the  Bixty-four  pho- 
tographs whicli  I  have  obtflined  are  not  yet  compleu-tl,  I  have 
thought  it  ilesinible  to  give  a  brief  rcaiimv  of  the  fncls  already 
acquired. 

For  the  complete  study  of  the  problem  nioiv  pliotographtt  will 
be  required,  and  a  considerable  annmnt  of  tinic  will  .l>e  required 
for  the  discussion  of  thtm.  The  present  commnuicntton,  there- 
fore, is  limited  to  a  preliminary  consideration  of  the  variation  in 
the  K)x-ctruin  as  photographed  at  Ketisiii^ion.  mid  I  hiive  conse- 
quently in  it  omitted  reference  to  the  results  obtained  by  other 
workers,  In  a  subsequent  paper,  however,  a  complete  history  of 
the  subject  will  be  given. 

To  facilitate  references  to  thesinfctrum,  thirteen  photographs — 
roughly  one  for  each  day  of  the  [Mrriod— are  reproduced  in  Plate  1. 
These  have  been  enlargeil  about  three  limes  from  the  original 
negatives, 1i 

As  it  is  a  matter  of  great  ditliculty  to  mount  n  .series  of  such 
photographs  showing  the  exact  coincidcni.'rs  of  the  lines,  in  com- 
paring the  diHerent  s))ectru  in  the  pbites,  some  allowance  must  l>e 
made  for  the  slight  difl'ercnces  in  scale.  I'urthcr.  it  is  right  to 
add  tluit  probably  some  of  the  fainter  lines  shown  in  the  photo- 
graphs are  artificially  produced  by  the  process  of  enlargement,  but 
the  real  lines  will  be  readily  identificil  by  their  api>earancc  in  more 
than  one  spectrum  ;  the  lines  of  particular  interest  are  indicated 
in  Plate  2. 


•  PAiV,  Trmm.,  1893.  ¥ol.  184.,  p.  6"». 

*  itjrf.p.  679. 
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TIic  Hglit  curve  which  forms  part  of  Plate  1  is  constructed  after 
Argclandcr's  dniwinp,*  nnil  the  dotted  lines  drawn  from  the  spec- 
tra tu  the  period  scale  indicate  the  relation  of  each  photogrnpii  to 
the  light  curve. 

1  pTOccctl  to  Ktalc.  sLcp  hy  step,  the  results  of  the  prclimiuiiry 
cxaminatiun  uf  the  phuto^mphs,  nnd  to  indicate  the  ES{>cctral 
phcnoiiiriia  uu  which  thc.v  are  based. 

1.  The  sinx'trum  is  coastuat  at  the  siimc  interval  from  prinvi' 
pal  mitu'muiii. 

Apart  from  the  slight  dilferences,  which  serm  to  be  accounted 
for  by  dilTercnccs  in  the  atniottpheric  condttionti  and  toa8e(|Ucutly 
in  the  ifuality  of  the  pe;;ativcs,  the  !>i>ectruni  iijj^KarK  tu  be  the 
same  at  the  same  interval  from  niiniiiiuni.  The  photographs  re- 
produced in  Plate  !  have  been  selected  as  being  specially  suitable 
for  reproiluction.  but  ai  most  of  the  phases  duplicaleti  which  arc 
prncticidly  identical  have  been  obtnincil. 

2.  Tlw  ktntJa  ui  vnriniion  shnwii  on  the  iihotngrnphs  ure  hs 
toUo  ws : 

{ai    I'crimlical  changes  in  the  relative  intensities  of  the  linch. 
ib)     Periodical  dnnblings  of  soair  of  the  dark  lines, 
(r)     Periodical  changes  in  the  pi>t>itiuits  of  the  bright  iine:>  with 
resjivct  to  the  dark  ones. 

3.  There  are  two  hodica  iuvulvetl ^ivinfitiitrk  tine  apevtra. 

<hi  rtl'crence  to  Plate  I  it  will  l>c  seen  that  at,  and  just  before 
and  after  the  seeond  nuiximuni.  some  of  the  dark  lines  are 
doubled.  This  indicates  two  sources  of  light  giving  dnrk  line 
siKctra  and  moving  relatively  to  each  other  in  the  direction  of 
the  line  of  sight.  When  the  relative  movement  in  the  line  of 
sight  is  zero,  none  of  the  lines  are  donble<t.  The  latter  condition 
occurs  about  the  time  of  the  two  minima. 

4.  The  maximum  rcltitivc  velocity  of  the  two  ilurk  tine  com- 
ponents in  ttte  line  ot  sight  is  about  i.W  aiilefi  per  second. 

The  greatest  separation  of  the  dark  lines  occurs  about  the  time 
of  second  maximum,  nnd  the  relative  velucity,  as  determinctl  hy 
measurements  of  three  of  the  doubles  in  the  photograph  of 
August  24,  1893,  is  that  stated  above.  The  individual  measure- 
ments are  as  follows: 


Hy  =  155  miles  i>er  second. 
H'f  =  154 
A  4025  =  358 

5.    One  of  the  dark  line  components  hcar^  a  strong  resem- 
blance to  Kigcl  and  the  other  tn  BeUatrix. 

*  Ut  «lcllii  /i  Lyne  IHaquisitio. 
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The  spectra  of  the  two  components  can  rendily  be  seyinratcd. 
for  the  reason  time  only  lines  common  to  both  wtll  be  iJoublcd. 
Among  these  arc  the  lines  of  hydrogen.  Lines  specinl  to  either 
component  arc  always  single,  and  they  retain  the  same  relative 
positions  with  rcs|)cct  to  one  group  of  hydrogen  lines  thi<»nfh- 
out  the  period. 

In  Plate  2  photograj.ihs  are  given  to  facilitate  an  analysis  of 
the  compound  dark-line  spL'ctmm.  At  the  bottom  of  the  dia- 
gram is  a  reproduction  of  a  photograph  taken  near  the  time  of 
second  maximum  (August  24-,  1893). and  the  sjKctra  of  Kigel  and 
Bellatrix  arc  included  in  the  same  plate.  The  compound  charac- 
ter of  the  dark  line  spectrum  of  fi  Lyrie  at  this  time  is  shown  by 
the  fjict  that  one  grotip  of  lines  corresponds  very  closely  with 
those  which  appear  tn  the  siHt'trum  ut  Kigcl  and  when  these  are 
subtracted  from  the  whole  spectrum,  a  spectrum  closely  resemb- 
ling that  of  Bellatrix  reiuaiiis,  the  latter  s])ectrum  being  displaced 
in  this  ])hotograph  to  the  more  retTan;;tble  side,  as  shown  by  the 
short  lines  drawn  l>cneath  the  spectrum.  The  rescmblanct:  of  the 
two  components  to  Kigel  and  iiellnirix  rcspcciively,  the  s|>cctra 
of  which  I  have  described  in  a  previous  paper,"  is  further  shown 
by  the  following  tabular  comparison,  the  two  dark  line  compon- 
ents of/?  Lyra?  t>eing  called  R  and  K  res|icctively. 
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It  is  not  intended  to  suggest  that  the  siwctra  of  the  two  dark- 
line  components  are  quite  identical  with  tliose  of  Ki^el  and  Bclln- 
trix.  These  nrc  simply  the  Ivest  known  stars  which  they  most 
closely  resemble,  nnd  the  similarity  is  pointed  out  as  nn  indica- 
tion thnt  we  have  not  to  deal  with  bodies  of  »n  unfauiiliar  type. 
Thronghont  the  paper  I  shall  refer  to  the  twu  components  as  K 
and  K  rts|K.vtJvely. 

The  cundttions  nt  first  maximum,  as  shown  in  Pinte  I,  are  not 
so  simple  as  those  at  seeond  nmximuni,  thouj^h  there  in  evideuce 
to  show  that  at  this  point  of  the  Itj^ht  enrvc  the  comjioiient  B  is 
receding  with  res[K*ct  to  K.  As  will  lie  seen  cm  rctereiice  to  the 
photograph  of  Moreh  13,  1894,  the  hydrogen  lines  arc  broad- 
ened, and  the  two  lines  near  4471  and  4481  Imvc  approached 
each  other,  as  they  should  do  if  one  belongs  more  especially  to  K 
and  the  other  to  Et. 

6.  When  the  two  bodies  tie  nhng  the  tine  of  aigbt.  partial 
ecUpsea  occur.     Thin  hnppens  near  the  minimis  oi  the  light  ctirre. 

The  dilTerences  in  the  intensities  of  the  dark  lines  special  tu  R 
and  H,  near  the  two  minima,  indicate  thnt  near  the  principal 
minimum  K  is  pnrtinlly  eclipsed  hy  B,  while  near  the  Kccond- 
nry  minimnm  R  is  partially  ecli])sed  by  R.  These  changes  will  be 
seen  on  Plate  1,  again  in  Plaie2.  In  the  Intter  we  have  compari- 
sons of  fi  I.ym*  at  the  two  minima,  with  Rellatrix  and  Ri};;el.  If 
we  leave  the  bright  lines  nut  of  consideration,  it  will  be  seen  that 
near  principal  minimnrn,  the  spcctrnm  of  fi  Lyrte  greatly  resem- 
bles that  of  Bcllntrix,  the  component  B  in  this  ease  lying  between 
us  and  component  R.    As  the  eclipse  is  not  total,  however,  the 
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The  spectra  of  the  two  components  can  rendily  be  separated, 
for  the  reason  that  only  lines  common  to  both  will  he  doubled. 
Among  these  are  the  lines  of  hydrogen.  Lines  special  to  cither 
component  arc  always  single,  and  they  retain  the  same  relative 
positions  with  respect  to  one  group  of  hydrogen  lines  through- 
out the  period. 

In  Plate  if  plmtograplis  arc  given  to  focilitnte  an  anaK-sis  of 
the  compound  dark-line  spectrum.  At  Ihc  bottom  of  the  dia- 
gram is  a  repruduccton  of  a  photograph  taken  near  the  time  of 
second  itiaximnm  (August  24..  1803), and  the  spectra  of  Rigel  and 
Bellatrix  arc  included  in  the  same  plate.  The  compound  ch.nrac- 
ter  of  the  dark  line  spectnini  of  /J  Lyrie  at  this  time  is  shown  by 
the  fact  tliat  one  group  of  lines  corresponds  very  closely  with 
those  which  appear  in  the  spectrum  o(  Rigcl  and  when  these  arc 
subtracted  trotn  the  whole  spectram.  a  spectrum  closely  rcsemlv 
ling  that  of  Bellatrix  remains,  the  latter  spcctnnn  Iwing  displaced 
in  this  pliotograph  to  the  more  refrangible  side,  as  shown  by  the 
short  lines  drawn  licnenth  the  spectrum.  The  resemblance  of  the 
two  components  to  Kigel  and  Rellatrix  respectively,  the  spectra 
of  which  I  have  deserilied  in  a  previous  i>ni»er,*  is  ftirthcr  shown 
by  the  following  tabular  compjirison,  the  two  dark  line  compon- 
ents of/*  Lyrtt  being  called  R  and  B  respectively. 
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8.  The  bright  lines  are  brightest  soon  after  secondary  mini- 
mum. 

If  the  brigtitness  of  the  lines  in  reality  remains  consttAnt,  they 
will  appear  relatively  brightest  at  the  two  minima,  owing  to  the 
reduction  of  continuous  sp«:tnim  which  is  associated  with  the 
increased  brightness  of  the  star  at  maximum,  and  for  the  same 
reason  they  should  appear  brighter  at  principal  than  at  second- 
ary minimum.  Estimates  of  the  brightness  of  the  lines  in  relation 
to  the  continuous  siwctnim  have  been  made  independently  by 
four  of  my  osststnnts,  and,  although  estimates  of  this  kind  are 
liable  to  error,  the  general  Jtgrcetncnt  is  snrtieicnc  to  indicate  that 
when  all  allowance  is  nia<lc  for  the  varying  coniinuons  spcctrnm, 
thcr«  is  a  maximum  of  brightness  of  the  bright  lines  about  Half  a 
day  after  secondary  minimuni.  The  apparent  increase  of  bright- 
ness near  [>rinci|)nl  minimum  seems  to  be  due  solely  lo  the  re- 
duced intensity  of  the  continuous  spcclruni. 

I  have  to  express  my  oblii^ntinns  to  Messrs.  Fowler,  Baxnndnll, 
Shaekleton,  Butler,  Wardale.  Crahtrec,  nml  North,  who,  at  rlificr- 
crcnt  times,  have  assisted  in  talcing  the  photographs. 


ON   BRESTER'S  VIEWS  AS  TO   THE  TRANQUILITY   OP  THE  SUN'S 

ATMOSPHERE.' 


BUON  vox  OfpOLl^KIC 

Nfr.  A.  Brestcr  Jr.,  has  recently  ]mhlislied  a  totally  new 
theory  of  the  Sun.  His  fundamental  statement  is,  that  the  at- 
rooKphere  of  theStni  is  (ptitc  cnlni.  Brester  arrives  at  this  con> 
elusion  by  supposing  that  the  diflci%nt  gases  form  layers,  which 
are  disposed  according  to  their  Rpecitic  weight,  and  by  asKuming 
the  absensc  of  an  alnu:rsphcrie  circulaLion  resembling  that  pro. 
duceJ  by  the  diflerciit  temperatures  of  pole  and  equator  in  the 
earth's  atmoBphere,  which  is  the  cause  of  its  violent  atmospheric 
motions.  Wc  shall  see  that  tlie  conclusions  which  lie  draws  from 
these  suppositions  cannot  be  regnrded  as  valid,  as  they  ore  con- 
Irndictory  to  established  facts. 

It  is  but  natural  to  suppose  that  the  gases  in  the  atmosphere  of 
the  Sun  should  strive  to  range  themselves  according  to  their 
specific  weight,  as  every  movement  tends  to  the  restoration  of 
equilibnmi,  which  can  only  subsist  with  this  disp<]sition  of  lay- 
ers.   If,  moreover,  wc  take  into  consideration  that  the  principal 

*  Coniniunkatrcl  hx  Oic  aathor. 
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The  Spectram  Changes  in  p  Lyrm. 


The  spectra  of  the  two  t'oirnwTifnts  can  readily  he  st'pnra 
for  the  reason  chat  only  liaes  common  tu  both  will  Ix*  doal 
Among  these  are  the  lines  of  hydrogen.  Lines  special  to  ei 
Component  are  always  single,  and  \\\cy  retain  the  same  rcla 
positions  with  respect  to  one  group  of  hydrogen  lines  il 
out  the  pcriwl. 

In  Plate  2  photographs  are  given  to  facilitate  an  nnaly 
the  compuuml  dark-line  spw*ctmni.  At  the  bottom  of  the 
gram  is  a  reproduction  of  a  photograph  taken  near  the  tin 
second  maximum  (August  24-,  lS9;-l).and  the  spectra  of  Kigel 
Bcllatrix  areinelu<Ied  in  the  same  plnte.  The  compound  cha 
ter  of  the  dark  line  spectrum  of  fi  I-yrae  at  this  time  is  showi 
the  fact  thnt  one  group  of  lines  corresponds  verj-  cK>Bely  i 
those  which  appear  in  the  spectrum  ol  Kigel  and  when  these 
sMbtraeted  from  the  whole  spectrum,  a  s|Mx.*trum  closely  res* 
ling  that  of  Bcllatrix  remains,  the  latter  spectrum  being  «lispli 
in  this  photograph  to  the  more  refrangible  side,  as  shown  by 
short  lines  drawn  beneath  the  spectrum.  The  reaenihlance  of 
two  components  to  Kigel  and  Uellntrix  res[>ecttvely,  the  spc 
of  which  I  have  described  in  a  previous  paper,*  is  ftirther  shi 
by  the  following  tabular  comparison,  the  two  dark  line  com] 
eots  of  y!^  Lyrie  being  called  R  and  B  respectively. 


CMnpoiHat  B. 

RiRd. 

Cuntponent  B. 

BtUKtrt^H 

n'avv-tftvsib. 

WMYc-Lrnstb. 

Inunaltr' 

Wnrc-I^nctti, 

VAVvIiCnKUk      ^H 

39l»              ^ 

3d3fl                     :i 

SUSS 

39.'(3 

Ii 

31133 

3«a9              < 

A^M^■^ 

2 

,, 

3ac3               ; 

896A 

3'J<i.S 

Ii 

3D68 

3llftH                       1 

3994 

:n»n4 

1 

,, 

3»iH          ^m 

4(Km 

IM'IK 

2 

„ 

IdOK                 ^H 

402.') 

402:i 

3 

4025 

4U25               H 

40TS              ■ 

4101 

4101 

6 

4101 

4im          ^H 
41  tu           ^H 

41111               ■ 

4I2».B 

4120.n 

a 

■l-tSO.5 

M20.d           ^H 

4127 

4127 

3 

■ 

4IS0 

+I3n 

S 

414a 

4143 

'2 

4143 

H 

41  an            ^ 

4172 

1 

^ 

■ 

4177 

1 

- 

4177              H 
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hodii-.  Accurdiiie;  tii  DunC'r  llit*  dnHy  single  (if  rointinn  oti  the 
cquiitor  nmnunts  to  14'^  14'  m  n  Intitudc-Ki^  to  ll.Ui*  .  This  tie- 
raonslriiles  tlie  cxistenw  of  winds  Mowing  over  the  interiur  of 
the  Sun  with  a  rapidity  of  «t  least  100  meters  persecond.  Tn  ex- 
phiin  the  iiecutiar  rotation  and  ripparenlly  not  to  fall  intneontra- 
diction  with  the  nssuniption  of  a  calm  atmosphere.  Hrcstcr  pro- 
pouuits  the  hypothesis,  that  the  flattened  interior  <if  the  Sun  is 
surrounded  by  a  spherical  alinosphcrc  each  having  a  ditTcrent 
coiist;int  angle  of  rotation.  This  hy|K)t.hesiH  is  inconip.-itihle 
with  mechanical  principles,  and  moreover  it  wouUI  make  a  quite 
calm  iitniosphcrc  inipo.tsihlc.  if  we  consider  the  oltservution  uf 
sunspot^,  wc  tind  evidence  of  the  most  violent  storms  which  last 
for  ilaytt,  and  the  average  energy  uf  which  ts  more  than  three-fold 
as  strong  as  that  of  the  most  violent  storms  of  our  atmosphere. 
The  variation  of  spots  in  helio  graph  teal  hmgitiide  and  latitude 
demonstrates  the  existence  f>f  storms  with  n  velocity  of  at  iea»t 
100  Tnctres.  It  we  regard  the  first  scries  of  observations  in 
Dunfr's  chissical  work.  " Rechvrvbvs  in  In  ruiniiun  On  suhit" 
{Site.  Royal  ths  20  r/'  Upsal),  wc  find  the  following  velocities  per 
scconri  at  the  e(iuator: 


1887  u«tc. 
Jane 


Telocity  (km.) 


3 ....    +    a.U6 

3 ....™„™ •+    I.K+ 


* —   +    3.35 

This  again  corresponds  to  differences  of  vchjcity  of  400  metres, 
consequently  winds  of  at  least  2:'tO  metres  must  exist.  That  real 
importance  must  be  attribute<)  to  theite  dttTcrenees,  is  to  be  seen 
by  the  probable  error  of  Dunir's  observation,  which  amounts  to 
0.02  km.  Even  if  we  quote  Brester's  own  words,  we  see  that  his 
own  theory  leads  to  the  conclusion  that  violent  storms  must  ex- 
ist on  the  Sun's  surface: 

•'  My  theory  also  explains  the  Nfoon's  motions  as  shown  by  the 
spots.  They  owe  their  different  angular  velocities  in  different  lat- 
itudes to  the  cloudy  zones  in  which  they  are  borne.  If  they  fre. 
quently  move  a  little  more  rapidly  than  these  clou<l&  it  is  because 
the  gas,  which  in  the  growing  spot  pushes  back  the  matter  of  the 
photosphere,  must  move  particuhirly  toward  the  aide  where  the 
resistance  is  least.  Now  as  this  side  is  that  of  the  foremost  edge 
of  the  spot,  every  time  a  spot  undergoes  sudden  changes  it  onlin- 
arily  advances  on  the  solar  surface  by  making  a  sort  of  leap.* 
This  leap  will  also  take  place  when,  as  the  gaseous  contents  of  a 
spot  are  recondenaing,  the  vacuum  thus  produced  will  draw  in 
*  Voung,  The  Sun.  p.  110. 


again  the  surrounding  photosptieric  matter.  For  tliis  matter 
rtishing  in,  preferably  oti  the  side  where  it  already  moves  in  thedi* 
rection  of  motion,  will  fill  uji  the  spot  t'roni  ))elitnd,uiicc  more  (jiv- 
ing to  its  center  a  fiudden  acceleration."" 

Brcstcr's  theory  is  accordingly  not  based  on  sound  reasoning; 
it  assumes  conditions  a /^rtorr  iniprobahk  and  impossible,  as  for 
instance  the  state  of  repose,  or  ihc  flattened  interior  o{  the  Sun 
with  spherical  atmosphere  turning  with  a  different  angular  ve- 
locity, and  it  leads  to  consc(|uences  which  arc  not  consistent  with 
the  funtlamentnl  iden.  Brester's  theory  like  that  of  Schmidt  can 
l>e  ranged  among  the  interesting  on«s, — inccre«Ling  in  that  they 
upset  all  hitherto  existing  opinions,  and  still  tr\*  to  explain 
everything  in  an  apparenUy  natural  way.  As  hmg  as  nothing 
prevents  the  acceptance  of  a  very  high  temiKraiurc  of  the  Sun,  cf 
a  hardly  conceivable  evaporation  of  the  gases  nbovc  the  photo- 
sphere, one  is  iiot  justified  in  grasping  at  revolutionary  ideas.  A 
clear  insight  into  the  projHrrtics  of  the  atmosphere,  such  as  mod- 
em meteorology  is  leading  ns  to,  will  alone  help  to  a  final  solution 
of  the  phenomena  about  the  surface  of  the  Sun.  Let  us  continue 
in  the  track  beaten  by  Galileo  and  Kepler,  who  at  once  divined 
the  meteorological  nature  of  thesunspots. 

Wein  den,  17  April,  1H94.. 

/ 

ASTRO.PHYSICAl,  NOTES. 

All  nrtldcs  and  conTsprmdciicc  rclnlinfi;  to  spcctrote-opr  an<I  oilier  »abjccta, 
properly  indudtil  in  A»T»tr>-l'i(VHic«.  niiottld  be  nddrr»sed  to  George  R.  Hnlc,  Kciv- 
wood  ObscrvntorT  of  ilic  tJoivrrBity  of  Cliicnga,  Chicago,  l'.  S,  A.  Anttiurs  al 
papers  ufc  rei|u»tcil  u*  nHrr  tu  lnM  pave  fur  inrumiatioii  in  reKurd  to  QliiRra- 
ttoriin,  rrjirint  rufucs,  ttv. 


The  Spectnim  of  fihyrtt. — Sinec  Pickering;'*  iliMurrrji  ofLbc  cvmcnMic  clmr- 
acter  of  tJw  siiectrum  of  /S  I,ync,  sprctroBC'ipic  litcrmuix:  rclHtin^  to  ihis  fwr  hii» 
been  rapidly  uwuiniilatin);.  [mporlHiit  papers  an  the  |iholugrupliic  spectrum 
have  been  publislwd  by  D*lo(K>laky.  Voucl,  Sidgrenresniid  Uockycr,  nnd  hi  general 
the  reaultSfontained  iii  l\ttm  an  (.-onsidcrctl  to  !»  only  pn'liniinnr>-,  mi  that  still 
more  complete  pnixrn  mnr  be  eipcfteiL  While  obscrvi-rs  di^  aa  to  aomc  of  tbc 
ilctails,  ll)L-y  arc  in  fair  ti}{itrcnK-til  aa  to  tbc  in^in  >ciitDiv^  of  Lite  «t>rctriit  changes, 
norni-e  the  visnaj  ol>KCTv.*)lion*  of  tbc  Kpn-truni  made  at  the  Liclf  obflcrvnlory  in 
ilisagrveinent  with  the  pbutographti:  results,  when  c»i>e  connidvrs  tbiit  l  her  repre- 
sent on  imperfci.-l  view  iif  plieiionicnu  wbU-b  arc  more  nccoratdy  and  compkiely 
rccordol  by  photoRrapby. 

So  far  ua  6.tti»Ia<.'tory  hypotbesis  baa  Ikcu  framed  wliicli  account*  {or  the 
complex  spectral  chaiigcs  of  /t  Lyrs.    Tbc  astumpUon  of  two  Wilu.-*  of  iKffercnt 

*  AsntONOUV  AXD  ASTKO-PUYSICS,  Mnivh  I81M-,  p.  2S8. 


chamcter  nioriag  in  a  circttlar  orfiit  witiaficD  tlie  obacrvAtiona  of  iIk  ftnr'a  li|(l>(- 
period,  but  leaves  uRex]il»ine«l  or  flatly  contradicls  some  of  ibe  mnni  Btrikinft 
change*  in  the  spectriim.  ProfcBsor  Xogel  considera  that  even  the  largv  mtut  of 
material  RccumiilutH  at  the  Potsduni  ObMrtvatory  » innufficimt  tu  srrre  an  tbe 
biuisof  a  Hitit-ructory  nplanntion. 

It  h  irorthjr  of  remark  thAl  none  ol  iheiecrnt  ui-iters  on  the  photo^rapliic 
speftrum  make  any  relei-eiice  to  tl»e  anoraakiua  ifarintiom  ot  brifihtiieas  of  the 
Ci|  and  DthcT  brij^ht  line*,  rejwrted  by  ewrlier  ol»»erveni-  Tl»e»e  niijtarent  varia- 
tions were  quite  probably  due  to  differences  in  attnospheric  condiitons  and  to  tbc 
small  aperture  of  the  inntmrnentx  employed.  It  ift  at  Iruat  a  ansptduna  vircnm* 
stance  that  the  th  line  in  t))c  8pK-tnim  of  y  CaMtupeiie  was  obserrrd  at  O'Gyalla 
tn1H9t  (Iteohnchtiitigen,  Vol.  XMI  nnd  XIV.  p.  10)  while  dnring  this  year  the 
Kar  wan  frequently  observed  at  Mt.  Hamilton  with  the  rtG>inch  eriuatonal  and 
no  line  ever  found  nt  the  pince  of  Dj. 


The  Apptvjincv  of  tbi  D,  Liu  In  tbe  Spectniin  of  the  Cbtomosphtrt.— In  the 
Mnr  nnmbcr  of  the  Memnrie  tttlia  SocSttM  dcgU  Spettmscopinti  ttalmai.  Were 
ItelopolAky  ^tvrs  souk  obMrvations  on  Ihc  appcarAiu-e  of  t)Mr  tKlinm  line  in  the 
sjKvIra  of  tiolar  prominmtfot,  tin  a  number  of  ocvanonx  n  dnrk  line  wi-.h  ob- 
wfrrcd  in  the  hclinm  liite,  not  in  the  middle,  hnl  iiomcwhat  toward  one  ^iHc,  At 
first  this  vrus  ffupifoserl  to  )m-  n  reveraiil  of  the  line,  and  the  nnKymmvlHcKl  ap- 
pearance was  attributed  111  inalrumentnl  defects,  but  invcstiKntion  showed  that 
tbcap)ieariutce  was  renl,  A  dark  line  was  sometimes  ubserve-l  on  ilK'otlier  side 
of  th«  center. 

As  these  iiluiurption  lines  were  not  seen  wlien  Ihc  ntroos|iIierc  was  dry,  but 
were  fpiite  distitKt  when  it  was  moiati  it  was  eoncluilcd  tbnl  they  are  of  trllitiic 
(irijcin.  The  less  rcfrutinnble  line  is  double.  The  following  measures  of  wa^'C' 
Icnitths  (PotMlam  system)  were  made: 

S8Te.G  double 
087B.U  In 
5873J( 


Researches  on  the  Spectra  of  the  Hetals  by  Professor  Hsss^tberj.— tn  vol.  20  of 
the  Procecdinjts  of  the  Royal  ,\cadciiiy  of  Sciences  of  Sweden.  I'rofirssor  Hnssel- 
berit  begins  u  series  of  monographs  on  tlic  •Jiieetnt  of  the  nietnls.  He  points  ont 
in  the  introduction  that  until  very  recently  our  knowledge  of  the  exact  wnTt- 
len£th9  of  tl»e  lines  olthc  metals  was  in  a  very  iniMtisfactory  .state,  and  quite 
infldeiguntc  to  meet  the  ilcmamU  of  solai  or  evcti  of  stellar  spectroscopy.  The 
labors  of  Rowland  nnd  o(  Kayser  and  Kungr  ha  ?c  ilonr  much  to  remwly  the  diffi- 
calty,  and  it  tnisbt  even  seem  that  such  work  as  that  of  Hnss«l1)eT)t  i-oidd  now  lie 
RItanlcd  B£  sn|ierfluouf.  Asirle  from  the  vnlue  of  inilciKtident  cunfirmaturv 
mcoanremraiB,  however,  the  different  pnini  of  view  firom  which  Flasselbcrg  rr- 
gards  tbe«nti|ject  gives  a  special  imiwrtnnce  to  hit  resenrchea.  The  main  object 
of  Kaysrr  nntl  Kuhkc  was  to  discover  numerical  relations  between  ItiieS  in  the 
sjKctra  of  the  elements,  nnd  while  it  wn*  im|Mirtant  for  their  pwqiosie  tli.Tt  no 
line  belonifing  to  an  clentvnt  ^houltl  be  overlooked,  ii  wn*  of  less  consequence  that 
lines  l<eI(mpnK  to  some  otlwrr  element  <<bun]<l  \k  inclniled.  lu  Haitselberc's  inves- 
tif^ations  spccint  ntteatioa  Li  poid  to  cxcludinj;  all  fomgn  lines. 

Tbe  first  of  tlw  series  of  monogrApb»  is  on  the  spectmm  of  chromium.  The 
wave-lenftths  nrr  given  on  Rowland's  scale,  and  are  in  close  agrrcment  with  tJir 
results  of  Kayser  and  Rnn^c-  \  carefully  executed  lilliogrnphcd  map  accom- 
panies the  memoir. 
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ttro-Physicol  Notes. 


The  Photometric  Cstalogues  of  the  Harvaid  ColI*E«  ObMnratory-— Prcfrwur 
Pickcriii^  replica,  in  /I.  iV.  31f*9,  tu  Or.  Cluindlrr'x  criticiama  of  tltc  HarvArtl 
plratometncobHrrvntkins-  The  ft|K^-itii:  raarfi  of  rrror  pointed  out  liy  Ctiaodler 
ere  in  tf*'"^''»l  ooniirinvd,  but  I'lokssor  tuckering  objci.'t5  to  llic  inl'rrruii:  that  th< 
ni:t;tiiittiilcjt  lit  llic  wliuir  work  atr  to  tic  rcK"nlc4)  with  (Itsttual.  The  crron  rv 
(rmtl  to  rclaiv  Id  viiriahlc  stars,  thr  oliscr vations  Ml'  which  nrc  nttcndcti  «rith  un- 
iisu»l  (liflicnllicii,  "It  is  Homewhiii  a*,  tlioti;^h  it  shuuUI  be  nr)juvd  (ron<  s  phywic- 
tnn'fi  loi^in^'  twenty  per  cent  of  his  vholcm  pnticnte  thnt  he  hud  been  r<<  i  r- 

tniuiic  in  his  general  prflL-ti(.-e."  With  iIk  [tossihle  prcjuilicc  hint«d  at  !•_>  or 

Pickctttifi!  in  this  i-oniicv'tiun  wc  have  nothing  tudi;;  it  is  hnwtver  nnCural  to  *u|> 
puM"  thai  ihv  uttciittun  nf  one  iiiict-inlly  interriilcd  in  variable  atart  wuuld  lie  firvt 
atlnirtccl  br  cm>r«  rclutinj;  to  ibis  daws  uf  objects. 

With  ivKard  to  the  idenlilwalioii  oi  star^  observed  with  tlie  photometer.  I'ro- 
fcMsor  I'ivkc-Hi)^'  points  out  tliat  when  n  star  is  observed  out  of  the  iiicridtAii 
thtf  position  of  the  rcflct-ting  mirror  is  recorded,  together  with  the  lime,  »o  tltut 
the  nppTOMmiitc  right  Hwension  of  the  star  can  be  determined  b^nni  the  record. 
The  voliHiiein  whivb  theobttcrvatiun^of  variable  Mtir»  ttre  to  Ik  divcussed.  find 
anjr  erroi*  in  them  considered  has  not  >ci  been  publi^fafd. 

For  the  ^rcnt  mas.i  of  mars  in  ttie  Harvard  Photometry  wliich  are  not  i-«ri- 
ablr,  cuniputison  ol  the  rcsnits  with  thcmsch-M  and  with  other  catologur«  bboi^ra 
that  tlic  averB}!C  eiror  docs  not  exrced  onc'tenth  of  n  mn/^nitude. 


The  Nature  ol  Comet-Spectra.— In  ^1.  K  3229,  Profesiior  Knywr  ruphc*  to  mhik 
eommenln  by  I'rofrswir  Vogel  on  the  p»|Kr  translated  in  our  May  number,  and 
}{it:ei)  »ciinc  fnrttwr  connderation  to  Voxel's  view  that  «orae  eomet-tiietfU'a  an: 
ninde  up  of  [Ik  tuperpuKd  Bpeciru  of  carbon  and  carbon  monoxide.  It  Mcms 
i|uttc  certain  that  if  the  CO  IwihU  w*erc  brij^ht  enough  to  enow  a  dl^plnccmrat  in 
the  mnxininm  biij^htness  of  the  pnnci|>al  carbon  bands,  such  of  tiKm  na  fall  nt 
Olhci'  pans  ol  Ibe  H|i«vtnim  wotihl  have  tteen  visible.  (ItlierK  would  rittiily  be 
detected  by  photn^zraphy,  which  has  rewntly  been  applied  with  so  much  sucvrsa 
to  the  ii)ve&(i;:alion  of  eoniet-^peeiia. 

Leaving  out  of  vonsidcrution  the  influmce  of  tfac  slit-width,  the  nuximDm 
briKhtaebfi  of  the  conictary  bands  ahould,  aecr>r(liu):  to  Profes.inr  Vo^el'ii  nplnno- 
tlon,  always  fall  nt  certain  dctinitc  wuvc-lciif^hs-  Hut  the  position  of  tile  max- 
iintim  varies  with  tltc  slit-width,  and  in  fact  very  diflcrent  ponitions  have  been 
found  by  diCKrrcnt  oltncrvers.  As  Ihc  slii-width  used  wjis  mil  recorded,  tlw  oU. 
eervatioits  are  ineoncluMve,  but  the  tables  givcu  by  Prolcwur  Kay»er  will  enable 
observent  in  the  future  to  o.jrrei-t  their  iticnsumDeiits,  and  rcditcc  them  to  ibc 
valuca  that  would  have  tn-en  obtained  with  a  narrow  dlit. 

It  ficems  to  Hi  that,  even  with  the  ad  vantage  of  the  tables  supplied  by  Prof. 
CSKor  KnVhcr,  the  icsultti  of  visnal  ubtH.-rvaliona  would  i)c  subject  to  conwdcrabte 
doubt,  except  [icrhnps  in  the  case  of  uuiisuolly  briRbt  comets.  In  th»  fteld.  na  irt 
'.tfo  DUDJ'  otiicrs.  photography  promJwa  lu  be  of  lIm  greatest  usefulni;w. 


Ilew  Observatories. — An  editorial  note  in  .4.  K.  3233  states  that  the  foundinf; 
T>(  au  Obsci  latory  at  the  I'ntrcraity  of  Heidelberg  ist  now  An  AMnred  fact.  The 
Observatory  at  Karlaiube  will  be  abandoned,  and  its  inbtrunicntA  will  tic  tiwil  iu 
equippioK  the  new  Observntori-,  which  will  aluo  have  an  axtro-ph^'sical  dc|>art* 
ment.  The  »ite  is  on  the  GeislierR.  about  370  metre*  above  the  level  of  the  Rhine, 
and  thirty-five  miautcs  walk  from  the  University. 

The  astronomical  department  will  be  under  the  direction  of  ProfeBsor  Valea- 
tioer ;  the  natro-pbyticol  under  that  of  Profeunr  Max  Wolf. 


Dr.  Ixwis  Swift  has  trnnsCnrtd  his  inBtrumcnts  inctuilinf*  tbc  lO'iocli 
rcfrui-tor  from  thr  Yfamcr  Dbwrvnlory  iit  Kuchcstcr  tci  Ucho  Mounioiii,  L09 
Aii}{clrft  Cmint y,  Califumia.  Tbc  tiew  invlitiiliDn  in  callril  the  l^uwr  0t>9erTator?'. 
It  is  RiHiiil  S.'fOO  (<rt  nbnrc  llie  ■en  IcvH  :tm(  oWut  lwr»  ntil«  frum  ihc  station 
on  Wilson's  Peak,  fonner'v  on:w|)»«l  l».v  «  party  Irwin  Hnrvori)  College  t)l»scrvji- 
!nrv. 


Kadlation  of  Hcitcd  GiMf.— In  the  t'biloaophkat  Xtaf^nxiiu!  for  MArcli  Uicn:  la 
jin  arti^-lc  by  Piitli'-Mor  Smitliclirt  iipitil  n  »iil>JM-t  wliich  Ikk  nl  the  Ycr>*  roum1ii> 
tiriii  ol  nitlr(><|tliyiti<7s.  Statnl  in  teriDft  ufa  i-cincrvlv  example,  (Itc  ijuetiiioit  im  why 
rtiMMi  ji  v^oiliiim  lieml  tnni  the  Huniieit  Dame  yellow  'f  In  I  lie  lotttnm  tliloritlc  iliseo^ 
ciateil  by  Itcnt.  and  dt>e<i  tlii:  iVee  e^^diuin  iitoro  ilicn  rndintv  )if(ht  in  virlnr  of  hh 
incTen«c(t  temiKTftlun:  * 

Ur,  U  tltere  involved  some  ptficess,  perhnps  like  llml  or  phcwphorvseenix-.  which 
may  be  ended,  nftrr  B.  Wirtlerannn.  tuminewence?  Or  in  some  purely  clicinkal 
procw*.  soy  reduction,  nn  essential  condition  nf  lnrein«>«ity?  Or  aiill  ngaln.  is 
tbc  pbenDmenon  jMssibly  nn  ekctrk-ul  unc  ultimately  similar  to  tbnl  of  tbc 
GeiMlrr  tutie ''  Or  is  it  true,  as  has  been  suRtTcslcd.  thnt  in  come,  or  ul),  cnecB  we 
hiive  two  or  mori:  of  three  processes  coinK  on  ni  (he  tuime  litnc? 

To  «tittc  flic  question  in  gcMritl  tcmis,  nre  tlie  conilitinnn  of  ktrchhoflf's  Inw 
flnttsfie'l^  If  flo  m  Kirchhofl'«  Inw  it«i-ir  MiiiiBfiod  !*  If  nut.  whnt  itinditions  ure 
to  be  iiut)«litutcd? 

Tbc  runditione  of  ilic  above  nictiLionrd  l»w  nre 
<  1 )  That  the  radiation  emitted  sbnil  be  ut  the  rx|>cnBc  nf  heal  only,  and 
42)  That  the  rndJArion  ol»nrl)eH  #hnll  flsmime  tbe  Inrm  nl'  heat  aiil>. 

Tlic  Inw  in  l|un«tion  statcA  i^|tiality  l<ctwccii  the  lolhiwitig  two  rnttcni,  rh: 
(I)  Tbe  ratio  of  I  be  rmlinnl  rnergr  nf  nnr  onr  kind,  emilted  by  o  f^vcii  •nbstaiicv 
nl  given  ieini>eT»tiirG,  to  the  radiation  nf  tftr  saitte  kimi  >.'ivcn  out  by  a 
perfectly  black  l>ody  nl  tbc  tame  temfctafnre,  and 
(3)  Tbe  rntJa  ol' tbe  iilisurbcil  rniUatian  to  the  incident  nuliation  when   the  nli> 
sorbin;:  IuhIy  i^  ol  iIh-  siilMttancc  in  fiuestiun. 

Ax  (inltnaiily  plmcd  in  symbols  this  reads: 


E 

I\Miiibly  it  is  Kimpln*  to  «ajr  titai  T  »  u  vottstant  far  all  lindini. 

To  (hid  whole  imbjcct  have  recentty  been  made  a  number  orcantribntjiiits 
which  nre  nf  more  than  ordinory  intcmt.  Hpacr  Torbids  u»  to  do  much  motv 
than  meiitiof)  them. 

Smitbrlls'  pnpcr  \*  prelnntnnry.  It  containv  a  cleur  ».talcment  oT  tbe  chhc. 
hinut  Dt  some  experiuicntal  difRnillics.  and  coticlndrs  writb  an  excellent  uritiqnc  01 
tlw  work  of  Pringsbdro. 

To  the  latter  is  due  the  credit  of  havlnfr  flgttin  started  lo  rolling  the  ball 
whteh  war,  first  wl  in  motion  by  Hit  tori  and  W.  Sicmras.  His  (PringslicimV) 
results  may  be  found  in  lI'Md  ./Inn.,  Bd.  4S.  p.  •(■2H.(1893).Bd.4g.  p.  437  (189S), 
andBd.(^l,V.441  (18iHi. 

Ilrirfly  piil,  bin  views  nrc  that  reduction  pmccsjicfl  are  always  at  M-ork  in  In- 
niiuous  Dame*,  by  which  Ite  means  tlio&e  flames  which  yield  characlerisLic  line 
•pectra-  Hiat  heal  alone  cannot  tiriiij;  unt  line  spectra:  and  tliat,  thcrefOTr, 
the  conditions  of  KirchhufPs  Uiwa  are  nut  satisBcd,  at  Icnxt  in  Inminonx  fhimcs, 

StJn  more  recntlr,  Pauhen  has  taken  np  the  nibjrct  and  has  parmied  it  frith 
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great  Mkill.  His  work  in  rotitainrd  in  thrrv  papcni,  ttw  first  of  which  wax  rrrirwvd 
iu  this  Journal  two  months  aKO :  the  other  two  will  ht  found  iu  the  currvnl  toI- 
ame  of  WiedemHnn'a  Aormfen  (Bd.  51,  pp.  l^llt)  and  pp.  40-46) 

Paschcn  not«B  amhii^ity  in  PringBhHm's  use  of  the  cxprcrsion  "chnrai-tcnstk 
)>pcctn)ni,"aiid  proceedsto  mnpnnd  coin)>nrr  the  nboorption  and  •.-minion  apectra 
of  carbon  dioxide  and  water  vajjor.  between  the  leniperutui'ca  at  lO0°  C.  and 
SOO''  C.  KircbliofTx  law  he  fiiidn  for  tbe«c  k:»*C)i  i*  certiiinlv  tnie  in  ii  qunlitolivc, 
and  probably  tnic  in  a  quuntitatire,  wav.  Hie  ricw  is  that  this  law  is  uittsfied. 
both  ua  to  condition  mid  content,  in  many  rudiutinj;  bodint,  liut  chat,  in  lumtDoot 
flames,  more  is  involved  than  mere  heating;  indeed,  in  all  cases  in  whk-h  the  n^ 
diatiAd  exceeds  rhat  ai  a  hinck  body  at  the  same  temperature,  luminescence  of 
some  bind  is  nt  work. 

The  L-hi>rvMliic  of  Priiix"hciiii'a  work  i»  |>ct'hnpH  that  it  cfinRrmx  the  view  that 
n  antform  temiieraiiire,  eqnal  to  or  le»s  thnn  that  of  the  blast  funiace,  is  inconipr- 
tent  to  brine  out  the  hright  line  fliK-ciro  of  nirtalbc  va|iora.  Concerning  what 
may  happen  at  liifiher  tenipcratiircs  no  inference  is  to  be  drawn  from  hi*  ex|)eii. 
men  In. 

I'as4.'hen.  on  the  other  hand.  sIiowb  that  sinec  certain  Iieated  8a*es  tfv  obey 
KirchhofTs  liiw,  tJiey  prvltabty  luitisfy  jtK  iwndltiotiK.  i-  e .  tlieir  rodiation  Is  prob. 
Hbly  due  to  hcflt  alone.  His  pupcna  are  full  of  suKRCstion  nt  every  point ;  and  ilic 
outline  ^iven  above  \»  extremely  mcn>;rv. 

Taken  nil  to;^-ther.  t\v^t  ex|>enment^  show  that  the  problem  of  tlir  Kunsra 
burner  is  surprisingly  cumplttateil ;  and,  »o  fur  from  lieing  solved,  is  as  yet  bnrrlv 
capable  of  clear  stiitcmcnt. 

We  have  licrc  also  lair  waniiiiu  ajfninst  hasty  tnterpretuLion  of  stellar  and 
solar  spectra.  Why  is  one  line  sharp  and  another  hazy  ?  What  U  the  meaning  of 
u.a  a.iymmctric  reversal?  Is  not  motion  in  the  line  of  sight  sometimes  a£rcBt 
convenience?    Is  not  luminescence  a  happy  word  tu  cover  our  if(norance?    M.  c. 


Solir  ObMrvilioiu  at  th«  Royal  Soman  CoUeca.— The  following  is  an  extract 
from  a  letter  from  Professmr  Tncchini ; 

I  send  you  a  resume  of  the  solar  obser^-ations  made  during  the  (iTiit  quarter  of 
the  year  IRfM-. 

Spots  axd  PaculjR. 

Rrlatlvr  Prr()U(»<:j>.  It«lattv«  Sliw. 


January 

February 

M«TPh 


Mo.  of  day  a 

of  OtMCrvatlooa. 


of 
Spota. 

24.37 
19,3R 
17.51 


iif  ilHya  wilh- 
aut  spots, 

0.00 

u.ou 

O,0fl 

PsOTUBERAKCKlt. 


lOfi.t 

136.3 

4R.I 


189*. 

jnnuaT7 

February 

March 


Avera^  Nn. 
IKTDajf. 

O.OO 
7,17 
«.ll 


Avrrngv  Hetahc 
iwr  D«y. 


AveroBC  Bread  ta 
per  Day. 


For  the  spots  and  faenln:  a  protpvasii'e  diminution  is  shown.  The  great  ex- 
tent of  ttK  arrn  of  spots  in  Pcbrunry  is  due  to  the  great  spot  in  the  auutltrni 
hemisphere  (—24"  to  — 35'-).  The  phcnomcnn  of  the  protuberances,  on  the 
other  hand  show  an  increuse  when  compared  with  the  last  quarter  of  l£D3. 


Curnat  CelesttaJ  Phenomena. 
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For  tliciliMriUuli'tn  ol  sfilnr  |>)KnoiT)«itt  accordiug  lo  Ihe  latitude,  ve  h*ve 
obtained  the  fuUowinK  mulu: 


PrMBT  QVJkKTKM  OF  YSAK  1904. 


Pratubcninn*- 

90- 

k8o 

0.000 

Ho. 

hjo 

0.00a 

70- 

-60 

0.003 

0,018 

Afl. 

-so 

JO. 

hi" 

0.00K 

0.3*4 

40. 

Kjo 

0.0^9 

30- 

I-20 

0  oito 

JO  - 

-    ID 

D.O]U 

10- 

r    0 

o.o»{ 

0  —  to 

"OS  7 

10-20 

0.065 

30—30 

0,111 

io  -40 

U.103 

10  -  $0 

0.01) 

0,676 

«o  —  60 

AO  —  70 

0,015 

0.231 

70-  to 

ao6<j 

So- 

•  90 

0.0  in 

PaouUc. 


H(N>U. 


U.O0O 

u.oi>5 

0.000 

0,072 

0.418 

0.062 

0.1 54 

0  iSs 

0.197 

0.144 

''•  «97 

ai$5 

0.192 

0.330 

0,  IZO 

0,567 

0.10J 

0.04!^ 

O.OZI 

0.010 

"■isi 
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All  thr  voliu  phcnomrno  wrtv  must  Irrqucnt  in  tbr  •oiithcrn  loncm  And  the 
•Ante  rcvitU  i»  foond  for  each  month  of  the  quarter.  An  unuaiiHl  maximum  of 
protulicraficn  is  to  Iw  noticril  in  the  xonc  —  60"  to  —  70^  wliicli  le  also  found  for 
each  month,  while  protolM-rancro  arc  vrnr  infrrr|ueat  lictwvcn  -f  40^  and  -f  TO*, 
and  fait  cnitrrly  hciwren  -(-  7fi°  and  -|-  90'.  Wc  have  on  only  onf  occasion,  on 
March  !.  found  evidences  of  eruption  in  latitude  —  16".  I*.  TACCHrxr. 


CURRENT  CELESTIAL  PHENOMENA. 


Pl«n«i  Nolrir  for  Sfplctnbcr  and  October. 

Mercury  will  be  at  Muiientir  cun.itiiKliuti  Sc(>l.  3  and  will  lie  in  poor  position 
forolMerrnlioR  during  the  two  niunthf.  lie  will  l>e  in  coninncttoii  with  Sainrn 
Sept.  Sunnd  willt  Vranus  Oct,  14.  He  wfll  l»c  iit  Hreatest  eaKlei'ncIun>tation,34^ 
31'  H.  from  the  Sua.  on  lite  mominK  of  f\-t.  19.  Tn  the  evening  dIkiuC  this  time 
Men-nry,  to  northern  ftliwrver*.  will  iwt  only  n  hntf  hfiuroJter  lite  Sun.  so  Ihnt  it 
can  be  nccn  only  in  )>ri)i)lt  twilight.  In  llic  southern  hernia plit-rr  lite  iNindition* 
(nr  iihiMTvulion  ■will  tic  better. 

IcJii/s  will  mnnii)  "mominR  star"  duHiiji  thcve  months. ateadtly  approaching 
the  tiun  ami  j!:ruwin^  fainter.  She  will  be  in  eonjnnction  with  tbe  Muon  Sept.  27 
and  Oct.  27..  On  Oct.  J>  ai  1 0''  flti"  *.  ii .  VenuA  wilt  Iw  just  7'  north  of  the  star 
^  Vifginix,  and  iHi  Oct  S8  at  10"  07*  A.  M.  ^he  will  be  1^  OC  south  of  Salurn. 
Doth  however  will  be  too  elww  lo  the  Snn  to  )ie  CMKily  seen. 

.Uars  during  tliche  motithM  will  he  in  excellent  position  for  ohMrrntion.  Re 
will  >)e  at  oiipnsition  Oct.  20,  His  d{»iAtK-e  from  tt>c  Earth  will  then  be  alKiut 
40,5o0.000  miles,  or  atmut  ■'i.iHJti.rMiO  miles  ureutrr  than  it  was  at  the  op|iostl>on 
of  1892.  Hisdechnntion,  liowfver.  i«  ;(;i''  further  north,  so  Jlial  *f)r  nortbem  oli- 
•CTfer*  the  plnnci  i»  in  very  much  Ixtter  position  than  in  IHa'J.  Profraaor  Piclt- 
cfirg  has  already  rrjiortctJ  intertTitinj{  (tb«crv-:ition«  "f  ll>f  nurfucc  markings  of  the 
planet,  made  at  the  new  Lowell  Obcervatoni-  at  I'taRstutr,  Ariiona,  and  it  ia 
not  too  much  to  expect  thai  more  and  lietter  observations  will  be  obtained  Uiia 


^H 

Current  Celestial  Phcuomeati. 

^ 

^V                vcar  than  ever  bcforr. 

Mars  is  now 

in  the  conBtcllatkin  Pisces  moving  eastward.    ^M 

^M                Sept.  15  he  will  turn 

he  loop  in  hiit 

apparent  counie  and  liegin  retrograde  (weaf     H 

^H                ward)  motion, rrmaininit  in  Aries  ami  ttie  corner  oTPtitcca  during  tbr  twotnnnth*.     | 

^^^H          The  render  will  emitlj 

nxogniie  Miim  by  lite  rudd 

V  color  and  ^nrnt 

brtlliniicy.tbia 

^^^H          beinK  clic  biijjiitcsc  object  in  theBouihcustcrii  ^ky 

Mars  will  be  i 

''  Month  or  Ibe 

^^^1         Mom  Scin.  18  at  10^  49*"  A.  H.  and  5*  31'  south  of  tlie  same  oa 

Oct.  is  at   «» 

^^H 

^^^H               Jiipifcr  i%  i\te  lirilliiinl  acnr  one 

*e<9  rising  n 

liltle  to  the  noi 

.h  of  cost  HUOM 

^^^V          Mfter  uii<]ni;{)ii.     In  Octolier  Jupiter 

will  be  in  position  tu  lie  ulKier 

veit  n   little  he* 

^V                fore  miilnij{ht.     He  will  lie  ut  ijUndnttDfe,  110^  enst  from  the  Sun 

Sept.   'JS;  at 

^1               vonjtinaioa  with  the  Moon  Sept   'J2  at  3'  09*nnd  Oct-  19  11*  OS" 

1*.  u.    Jupiter 

^H               is  in  the  (eet  ol'C^inin 

niuvin^  ca!itvrnnl,hui  willUcKin  retroi;rnrle 

novetnent  4>ct. 

H 

^H                    Smturti  and  Uranus  will  not  be  In  pnaitlon  for  oliwrvatioa,  Saturn  miching     | 

^B               conjiin<:tion  with  ibc  Sun  <>ct.  31  and  Urnnus  Nov 

7. 

■ 

^^k                      Stptane  niiiy  be 

olMcrveil  utter  mtdniKhl. 

He  ia  in  TiiuruE 

quite  near  the     H 

^1              sixth  raoRnitudc  star 
^^^B                                    I'lan 

/Tonri. 

J 

pt  TRbI«s  for  September  aad  October. 

^^^^P                 [The  time*  rivFo  are  local  time  fur  > 

orthficld.    To  obtntd  Standard  Timci  (or  PIm<f»       H 

^^^^V           Id   apurailmatelr   tlie 
^V               Time  if  west  ol  the  Stati 

•nmc   latitude. 

add   the  dlfftrcooc    bclwcrn    Slamtnnl    nnil  t.<ii-nl        ■ 

dard  Mcrtdiao 

oraabtract  if  east]. 

H 

MBKCt'KV. 

- 

H                     Date.                R.  A. 

Decl. 

ft\-K*. 

TniiiMt>. 

Seta. 

^K 

B           > 

h    m 

h      m 

I>   m 

+    7  12 

5  33  A.  M. 

12  011.4  I'.li. 

6  41  I*,  u. 

-    0  39 

3  33     - 

12  34.3    •• 

6  a^  •• 

^^■^                       25        13   10.7 

-    K  01 

7   21      ■' 

12   52.4.     '■ 

fi    24.    " 

H               Oct.       5 U  01.2 

-  U  2J 

8  01      ■' 

1   06.4     " 

0  la  - 

-  10  20 

S  57     '* 

1    15,7     '■ 

.1   59    •■ 

^^K                    25. 15  29.tV 

-  32  05 

S  +3     " 
VBNIIS. 

I   12.9     " 

.1  43    •• 

4-  IS  16 

3   31  A.  U. 

10  33.5  A.M. 

5  43  r.  U. 

H                           16 1(1  23.5 

4-  11   19 

3  ofi     " 

10  46.0     ■• 

5  3*    •' 

■                           'ir, 11   10,3 

+    «  50 

+  22     " 

10  .'.2.2     " 

r»  ^  " 

■                Oct.       5 11  :i0.3 

+     3  01 

4    48     ■■ 

10  58.0     " 

5  in  •• 

—     V  67 

6    13     ■■ 

11   05.1     " 

4.  57    - 

^^B                        28.3 

—    7  31 

5  40     " 
MARS. 

n  12.0   '■ 

*  44    " 

^M              Sent.      6 2  la.ti 

+    9  29 

+    9  4.K 

K   30  P.  U. 

3   UN  h.V. 

»  53  a.m. 

H                           15      .   2  10.0 

7  52     " 

2  34.9     " 

y  IS  ■• 

H                          35 2   12.7 

+    »  « 

7   10     '■ 

1    52.3 

«    35    " 

+    9  23 

li  23     " 

1    04,3     " 

7    45    •• 

^^H                         1 

4-    3  49 

5  34     " 

12  12.7     " 

0    51     " 

^^V                   1 

+    8  15 

4  44     - 

Jl'PITBR. 

11    20.1  P.M. 

5    5«    ■• 

^L               Sep*.      5 6  12,2 

+  23  03 
--23  02 

11  27r.M. 

7  09.8  A.  U. 

2  S3  P.  M. 

^^H                    13 C   17.7 

10  33    '• 

e  35.8     •• 

2   IB    •• 

-»-  23  or) 

lU    IH     •■ 

6  00.9     " 

I  43    " 

+  22  59 

9  42     '■ 

5  31  ~     •' 

1   07     " 

+  22  5J* 

9  Ci 

4   47.2      ■• 

12  30    " 

H                          :.>5 6  27.5 

+  22  59 

8  20     " 

4    08.4       ■ 

11   51    •• 

^^^         Se|)l.     5 13  i;7.8 

-     0  43 

H  51  A.  U. 

2   2H.0  p.  M. 

f*  05  P.M. 

^^H                           .,  13  31.0 

-     7  07 

8  17      '• 

1    52.6     " 

7  28    •' 

-    7  33 

7   44     " 

1   17,5     •• 

«  SI    ■■ 

^m              Oct.       5        13  *0.2 

-     7  S9 

7  n    '■ 

12  42.6     '• 

O  14    " 

H                          15 13  44.A 

-    »  38 

6  38     •■ 

12  07.7     ** 

S  38    ■• 

^^^                     25 1.1  49.3 

-     R  52 

5  05     ■■ 

II   32.9     •■ 

S  til    " 
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URANUS. 

Date. 

R 

A. 

Decl. 

Rlaes. 

Transits 

Scti. 

1894. 

h 

m 

0 

' 

)i    m 

U 

m 

li     in. 

Sept. 

5 

14 

39.6 

-   15 

10 

10    38  K.  M. 

3 

39.7 

p.  M. 

8  42  P.  M. 

15 

14 

41.2 

-  15 

18 

10  01     '■ 

3 

02.0 

" 

8   03 

25 

14 

43.1 

-  15 

27 

9   24     " 

2 

24.7 

II 

7   25 

Oct. 

5 

14 

45.2 

-  15 

37 

8  47     " 

1 

47.3 

" 

6  47 

15 

14  47.4 

-15 

47 

8  11     " 

1 

10.3 

•I 

6  09 

25 

14 

49.8 

-  15 

58 

7  35     " 

12 

33.3 

" 

5  32 

NBPTUNB. 

Sept. 

5 

4 

58.9 

+  21 

13 

10  23  p.  M. 

5 

56.6 

A.  U. 

1    30  P.  M- 

15 

4 

59.0 

--21 

13 

9  44     " 

5 

17.4 

" 

12  51 

25 

4 

59.0 

--21 

12 

9  05     " 

4 

38.0 

(( 

12   11 

Oct. 

5 

4 

58.7 

+  21 

11 

8   25     " 

3 

58.4 

it 

11    32 

15 

4 

58.2 

+  21 

10 

7  45     ■' 

3 

18.6 

n 

10  52 

25 

4 

57.4 

+  21 

09 

7  05     " 

2 

38.6 

" 

10   12 

THE  SUN. 

Sept. 

5 

10 

57.9 

+    6 

38 

5  28  a.  H. 

11 

58.5 

A.  M. 

6   29  P.  U. 

15 

11 

33.8 

+    2 

50 

5   39     " 

11 

55.0 

■' 

6    11 

25 

12 

09.7 

-    1 

03 

5   51     " 

11 

51.5 

It 

5  52 

Oct. 

3 

12 

46.0 

-    4 

56 

6  03     " 

11 

48.3 

■' 

5   33 

15 

13 

22.8 

-     8 

43 

6   16     " 

11 

45.8 

It 

5   16 

2.5 

14 

OO.G 

-  12 
Th 

17 

6   29     " 

11 
Ears. 

44.1 

t( 

4   59 

e  Satellites  of  IV 

Dui 

S. 

DEIMOS. 

I 

-Jaiiag 

» 

\ 

^ 

Sept. 
Oct. 

24 

26 

28 

30 

1 

8.3  A.  U. 
5,7      " 
3.1       " 
12.5  A.  M. 
9.9  P.  U. 

W. 

E. 
W. 

E. 
W. 

\ 

>■     ■    •— 

^^ 

V 

3 

7  3      " 

E. 

\ 

c^ 

"""---.^ 

\ 

5 

4.7       ■' 

W. 

\ 

\ 

^ 

■> 

\^ 

7 

2.1       " 

E. 

\ 

\ 

( 

V 

\^ 

9 

11.5  A.  .M. 

W. 

\ 

\ 

\ 

V 

< 

> 

\ 

\ 

11 
13 
15 
17 

9.0      " 
6.5      '■ 
3.8      " 
1.2      ■' 

E. 
W. 

E. 
\V. 

\ 

% 

^~S: 

zrt 

\ 

18 

10  6  P.  -M. 

K. 

\ 

20 

8.0      ■' 

W. 

\ 

■.1, 

\ 

22 

5.5      " 

E. 

^^ 

.^^^ 

24 

2.9      ■' 

W. 

^^ 

-^,,^^ 

j 

26 

12.3      " 

E. 

'~--.._,^ 

Jy.. 

28 

9.7  A.    M. 

W. 

N. 

30 

7.1       '■ 

E. 

P  HOBOS. 

h 

h 

h 

Sept. 

2-t 

4.6 

A.   M. 

\V.       Oct. 

6 

11.2      " 

E. 

Oct. 

18 

5.8      " 

W. 

25 

7.4 

" 

E. 

7 

2.0  P.  U. 

W. 

19 

S.6      " 

E. 

26 

10.2 

" 

W. 

8 

4.8      " 

E. 

20 

11.4      " 

W. 

27 

1.0 

P.  M. 

E. 

9 

7.6      ■' 

W. 

22 

2.2   A.    M. 

E. 

28 

37 

'• 

W. 

10 

10.4      " 

E. 

23 

5.0      " 

W. 

29 

6.5 

11 

E. 

12 

I.l    A.   M. 

W. 

24 

7."      " 

E. 

30 

9.3 

•' 

W. 

13 

3.9      " 

E. 

25 

10.5      " 

W. 

Oct. 

•> 

12.1 

A.   M. 

E. 

14 

6.7      " 

W. 

26 

1.3  p.  M. 

E. 

3 

2.9 

" 

W. 

15 

9.5  A.  M. 

E. 

27 

4.1      " 

W. 

4 

5.7 

" 

E. 

Ifi 

12.3  r.  M. 

W. 

28 

6.9      " 

E. 

5 

8.4 

" 

\V. 

17 

3.0      " 

E. 

29 

9.7      " 

W. 

31 

12.5    A.   M. 

E. 

For  Phobos  the  central  time  of  every  seventh  eastern  and  western  elongation 
is  given,  and  for  Deimos  every  third ;  the  intermedialc  ones  may  be  found  by  add- 
ing the  periodic  time  of  each  satellite.  Periodic  time  of  Phobos  7"  39'".2.  Peri- 
odic time  of  Deimos  ld6''  17"'.9 
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Planet  Tables. 


Phases  and  Aspects  of  the  Moon. 


Central  Time. 


d  h  m 

First  Ouarter Sept.    6  7  03 

Apogee 10  2  12 

Full  Moon 14  10  21 

Last  Quarter 22  6  32 

Perigee 25-  11  30 

New  Moon 28  1 1  44 

First  Quarter Oct.      6  1  01 

.\pogce 7  6  48 

Full  Moon 1+  12  +1 

Last  Quarter 21  12  5ti 

Perigee 22  7  42 

New  Moon 28  11  57 


I>.  M. 
A.  -M. 
P.  M. 
A.M. 
P.  M. 


Minima  of  Variable  Stars  of  the  Al£:ol  Type. 

[Given  to  tlic  nearest  huur  in  Central  StaniJnrd  Time] 


U  CEPHEL 

teniate 

Minimii 

h 

3 

G  r.  M 

S 

't    " 

13 

ii     " 

IS 

5     " 

23 

4     ■■ 

2» 

4     ■■ 

3 

4     ■• 

R 

3     " 

13 

3     '■ 

IS 

3     " 

23 

if          >i 

28 

2     ■• 

Ott. 


Sept. 


Oa. 


ALCOL. 
Altcrniite  Minimn 
Sept.      5  4  i',  M. 


A  TAIKl  CoNT. 
h 

1  A.  M. 
11    I'.  M. 

H     •' 

r.   '■ 


12 

2(1 
2S 


ropniixHi. 

Rvcry  fnorth    Minimum, 
Sept. 


K.  CAMS  MAJOKIS. 


Sept. 


Oct. 


3 

ti 

0 

13 

IG 

20 

23 

2G 

3() 

3 


2  A.  M. 

injon. 

'.i  I'.  .M. 

7  A.  M. 

5  I".  M. 

3  A.  M. 
1    P.  M. 

H>     '■ 

S  A,  M. 
G  P.  M, 
1    \,  M 


(  kl. 


3 

10  a. 

M. 

f, 

7  1'. 

M. 

in 

3  a 

.M. 

13 

IIIIOIl 

IG 

S  i: 

M. 

211 

:>  a. 

M, 

23 

1   P. 

M. 

2G 

I'J  P 

M. 

31) 

(i  A. 

.\[. 

3 

3  p. 

.\i. 

<) 

11      ■ 

10 

S  A. 

M. 

13 

4  P. 

M. 

17 

1  A. 

M. 

I'll 

9    ' 

23 

6  p. 

M. 

27 

2   A. 

M. 

■ 

■ 

Pl&aet  Tables. 

1 

1 

■ 
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^^ 

f>ccnltiitioiui  Viaible  at  Waahingrton. 

^m 

^^^v 

lUUtiKStON 

Ki.tliKHlOS 

^^H 

^^M          Iwir 

fttarn 

Xlnjinl. 
Initc. 

Waahiaif 

Ancl* 
fni  K  p'l 

WMklMK 

A«l* 

^^^^1 

^H              IfcM 

N«n)<' 

ton 

M-  T 

IDM  H.T. 

ft  N  p'l.    DuraUoa            ^^^|: 

^H 

h 

m 

• 

b 

Rl 

h 

■. 

^K       Sept.  11 

tf>  Cii|trin>rni... 

fiH 

r» 

4S 

12 

G 

27 

311           0 

ae             B 

^^K 

6 

a 

31 

Id 

7 

(l» 

WA          0 

^fl 

^^B 

Lalnndc  ^7»*. 

y 

i>4 

40 

10 

26 

HM           I 

^H 

^^H 

4T  A  riot  {»....«■..•• 

6 

16 

36 

05 

17 

50 

24a         1 

^^H 

^^H 

It  T;iDii «.„ 

.....T 

H 

»3 

10 

8 

37 

307          0 

■ 

^^H 

.....6 

11 

44 

5N 

IS 

51 

347          1 

^m\ 

^^H 
^^H 
^^H 

8 

12 
13 

12 

19 
31 

60 

4H 
53 
2t* 

13 
13 

U 

37 
31 
10 

350  1 

351  t 

270          1 

i«       ^H 

3 

B.A.  C.  II7t... 

a 

^^H 
^^H 

....4 

13 
IS 

10 
10 

105 
KG 

14 
14 

OH 
3U 

200           0 
310           t 

^^^1 

^^M 

« 

^^^p 

pi*  Ciincrl..,._,... 

ft 

14 

05 

13 

U 

13 

35H           0 

08              ^^Hi 

^^^^ 

..   s 

14 

02 

ns 

15 

02 

273           I 

^^^1 

■                25 

„....8 

U 

03 

14b 

U 

42 

247          0 

^^■l 

■       Oct.     6 

11.  A.  C.  1)628.... 

.....R 

10 

23 

i:ii 

U 

04 

107          0 

^H 

^^1 

X  CA|in<.'firpi     K- 

13 

21 

117 

13 

ar. 

1H4           11 

^^H 

^1 

B.  A.C.8I84.... 

6 

15 

30 

43 

16 

33 

257           I 

^^H< 

^1 

..„.6 

0 

•J4 

tU 

7 

211 

227           1 

^^^1 

^B 

8 

Id 

36 

54 

17 

.t4. 

254.           0 

^^H 

^^u 

...,.4 

to 

5S 

S3 

17 

48 

227          0 

55              ^^ 

^^H 
^^H 

0 

US 

:;o 

47 
101 

to 

9 

09 

(HI 

345          1 
UM-         0 

li-  A.  c.  infi.'i.. 

...  .7 

^^H 

tW  Arictis 

0 

10 

■jfi 

43 

11 

34 

25S          1 

^^■' 

^H 

r  Tauri 

6 

H 

00 

7n 

K 

50 

232          0 

^^H 

^^H        1^ 

4;i  Aiiiix*-."".- 

0 

10 

37 

73 

11 

34- 

375          0 

^H 

^^F 

iH  Anriuw......... 

....  « 

13 

36 

35 

13 

30 

315          0 

^H 

^F 

Vfi  iVminurnm 

...  -t; 

13 

10 

01 

I* 

■rj 

2U3          1 

(Ml                        ■ 

^K^ 

c  iVtniruifum.... 
Mnximn 

... ,« 

■lid 

13 

1(1 

14fi 

13 
nbl 

51        22.1          » 
e  Stn  m. 

4 

Ulnlmm 

afVaH 

^H                IProni 

flihrmf ri.tw  hr  l>i 

Loewr) 

in  the  ■■C<ntiniini<m 

lo  ilic  <>hMr\'ntury,'  lutd  br  Or.              .^1 

^H           HartwtS  *»  ^^r  -*  V(crlctl>l>ri 

■ciirtfl  dec  A 

•Uon-jniikvllc  ncaalia 

cltnfl 

■1 

^^^^M 

■                     MAMMA. 

MAXIMA  COXT. 

MISIMA  CoMT,             ^^Hl 

■         Srpt     1 

-\  Libra-, 
T  Arwii>>. 

tict. 

8 
12 

SC«intflo|Uir( 
T  V'irsiiiis. 

i. 

Sept 

20    S  I.ilinr 
20    R  Scuti. 

\    m 

^^^^^ 

r  f'i«t,-iuiii. 

13 

S  AqtiilH:. 
H  Arid  is. 

2n    K  Cinii* 

^^M 

^^H 

T   (frtninfttiim 

13 

22    K  Tnnngiili.                  "HI 

^^H 

T  C>el|)liiltt 

14 

V  Lconi«. 

23    oCeti. 

^M\ 

^^^m 

H  CrniAitri. 

H 

W  I.<Yim&, 

20    U  »k-iilptori».                 H 

^^^M 

V  Aiirifitc. 

IG 

W  Ilcn-tiliti, 

2U    W  Cvcni.                       ^M 

^^H 

Y  Cajirivorni. 

I" 

W  Tntiri 

Oi-t. 

]     RTCvjiiit.               ^^M 

^^^1 

r  MnniH'fnitin 

■ju 

H  Serpent  is. 
W  Ca|>ric><nii 

2    K  tWium.            ^^H 

^^H 

T  Aqonrii. 

21 

B  y  iVM»titi.             ^^H 

^^^m 

t'  Cadi*  Mtn. 

'23 

X  Bo/liis- 

10    X  Cniir 

iorm.                ^M 

^^H 

V  Caprif*tmi 

■jh 

HR  Viriiinie. 
R  Scuti. 

10    R  Sagiiin:-                      H 

^^^1             M* 

K  Lyrw. 

20 

13    I'MoiKicvrotm.              ■ 

^^H 

S  Lc**nis 

30 

R  SMgilUc, 

20    R  Lvne 

^■l 

^^^H 

S  Carini. 

Sti 

S  IVntinonim 

22    R  Vul|M 

^^■' 

^^V 

H  Drnconi*. 

20 

I'  V 

rK'ni*. 

»rpii. 

morcKiti 

22    R  t't-nr 

^^' 

^^^            3*t 

R  Canuiti  Ven. 

2»K 

X  Sc 

2+    S  BoOiit..                        H 

■                    3() 

k  Camrl (linn nil 

.HI 

1  •  .M. 

II. 

24     H  Aixlrnnivfllt.              ^1 

■          Oct. 

S   \'lll|KVllllV, 

20     1    B'mu*.                  ^^M 

H 

\V  Libdt. 

MINIMA. 

27    R  Vif>iir>i».              ^^H 

H 

k  finiiiiis 

Sept 

4 

K  l.y 

rir 

20    ZCvMiii 

^^^H 

■ 

S  Ormtiiii 

4 

S  V'ul|ircn1n-. 

^^^H 

^ft 

U  KKlkull 

6 

V  Orinni*. 

^^^|| 

H 

"Cnmitnnion  ti>  llicOtmcTvatorj- 

"itivcv  lhi<iiisSc]>t.  9, 

H| 

^^^           Tlie 

"Com|iiiii>iin  tu 

Lite  Ubtcrvstor}- 

"  gi*-cii  t 

his  at  Sept.  23. 

J 
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Current  Ceiestial  Pbeaomeoa. 


A  Partial  EcllpM  of  the  Moon  will  occur  on  the  night  of  Srpt.  14. 1N94.  Ii 
tvill  Ik  vi)iil>lc  throughout  Nortli  and  tyiiith  Amcricii.  Tlie  btritinning  will  Iw 
riRihlc  in  ilic  western  port  of  Burojie  and  Africa.  The  nccompunying  diof^am 
will  sivc  ibe  reader  Home  iiki)  of  ihc  Moon's  coarse  as  it  ptiftiicA  by  lli«  Unrlh'a 
shndow.  The  large  ahadctl  circle  n|MnrMnls  a  crou-section  of  the  Hnrth'i.  ittuiilow 
nud  the  small  circlM  represent  the  Mi>on  nl  firat  «ud  last  CMntHctn  mnl  middle  <if 
eclipse.  The  ^[Ouii  will  pass  In-  Ifac  lower  edye  of  tlK  ahailMW,  tom*ltittK  il  Rfvt 
ot  the  soutlier«ino»i  |Kiitit.  Tlit-  uliwi  ver  will  itHTe<ore  s«  the  nhadnw  fir«t  at 
the  nonh  |Mfiiil  of  ihc  Mo'^n'sdisl;.    A*  tite  Muoii  niovcK  op  tiiu-ard  the  kit  the 


,V 


/ 


X 


\ 


\ 


VURKkii  SiiowisaTiiBContRKtiPTiiB  Monx  bv  tiic  Kartii's  SiiadoiV  tH'Hixo 

THK  PARTIAr.  KcLirsK.  SRHT.  14.  Ih9*. 

sbaduw  will^ippeor  to  move  down  tuwunl  the  rijfht,  coreriitft  nt  the  middle  of 
tbe  eclSpM  a  little  kss  tltnn  a  <)UAncr  of  the  dinmeter  of  t)kr  Moua'a  dialc,  nnd 
lejivtit);  il  111  a  point  oS-  to  tlx-  w-cst  fi-oni  the  north  jioiiu.  Thr  (ipil  cuntnct  will 
OCcnr  at  9"  ao^.t-cnlrftl  ■tflniliin)  lime,  IIk  Moon*«  center  Ijcing  then  at  the  pnhit 
At.    Beloic  this  a  fnint  shading,  dnc  to  the  penumlirn  of  the  Ktirih'a  Mlmdow. 
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News  and  Not^s. 


CmCltMATAMCRS  OF  THR   ECLIfiiB. 


CiTcnwkh  M.  V 

UclipsclKKiiis Sept.  38  15  Ol.il 

(Jmtriil  cclipK  bcginv...  Ifi  08.7 

Eclipse  at  tioOH  „  IR  UG./ 

Central  eclipse  mdi 19  14.1 

Eclipse  ends 2U  17.0 


Lonvftiide  fratn 
OraniHlr-li. 

LaUtiMle. 

42    50.7  E. 

26    44.3  B. 

Bfi    01 .3  E. 
162    43.3  i:. 
1+5    54.UR. 

11 
t 

34 

16 

49.2  N. 
47.1  N. 
11.6  & 
24.9  S-. 
24.1  S. 

NEWS  AND  NOTES. 


U  is  our  emtrtm  tu  wrnd  noi  more  than  oue  unnibcr  ol  this  macaunc  ai'ivr 
suhBcriptiona  hare  expired  unless  notiRci)  hy  BuliM-ribers  lha.t  the  pubhcation 
ytioulrl  be  con  tinned,  ritunMy  we  hjn-eintarmed  onrjiatrona  hy  letter  of  the  lime 
wbtii  reiicwala  should  be  in»de. 


Hereafter  it  i«  the  intention  of  the  publisher  to  tnuil  this  i^ieriodMal  on  or 
about  the  S'lth  of  the  mnntfa  preceding  the  one  lor  whirh  it  ut  dated  instead  of  tbe 
last  da,T  of  tl>c  month  as  herrtofurc.  This  chnnge  is  nindc  to  niYonimodate  for- 
rixn  snbsrribcrs  whose  pntrottnge  is  intTcnfingly  large,  and  whose  wif^her  Are 
thercfarc  correspond in^lv  importunt.  Contributors  are  rcsitcctlull}'  aitket)  to 
bear  ibis  in  mind,  und  ti>«end  in  urtirlcs  not  later  than  the  12th  find  minor  no- 
tices on  or  liefore  ttic  IHth  of  the  month  of  iamae. 


Profetior  George  E.  Hale  writes  from  Palermo  nnder  date  of  June  20  a*  follow*: 
"  1  am  delayed  here  on  account  of  Nnow  on  Ml.  Etna  which  has  hitherto  pre- 
vented the  pack  nnimals  from  rcarhinj:  the  Olwervnior.v.  Within  a  week,  how- 
ever, wc  bo|»e  to  make  the  ascent.  thuii>;h  wc  may  be  still  hirihcr  delayed  by  some 
SppatHtiiK  in  transit  front  frennany.  Wc  tiiivc  been  in  ttoiitfaem  Italy  and  Sicily 
about  tbrcc  weeks,  but  during:  tlie  whole  time  •■*  have  not  wen  the  sky  as  blue  as 
it  frequently  is  in  Chivuifo.  The  season  isftai'l  to  be  a  very  exccptioiial  one,  und 
1  mnch  (car  that  even  the  allitndc  ol  Etna  will  not  be  sufficient  to  take  ue  out  of 
the  mist  which  seems  to  cnshrond  everything." 

It  will  be  rcmrtiilKrcd.  from  previous  notices,  that  oue  object  of  ProfeMor 
llnlc's  vivit  to  Etna  nt  thtK  tinte  i*  to  study  the  Sun's  corona  withont  an  CclipM 
by  the  aid  of  photoernphv  if  possible. 


C.  M.  Clunoppin,  S.  J.,  writes  m  from  Coroznl,  British  IlundurDii,  under  dute 

of  June  2U,  that  "  Mnra  is  now  in  splendid  position,  being  high  in  the  heavens: 
hat,  my  tet<»<.*<i])c  is  entirely  too  small  (or  uschi)  oliscrvutions.  I  am  at  present 
negotiating  with  the  states  fi(f  n  six-tiich.     1  hot>e  to  get  it  l)e(i:>re  the  limcof  the 

trHnsit  of  Mercury.     I  wa*  very  much  amused  to  receive  a |Mi(wr 

(from  the  stales)  with  thiC  following  notice:  '  Pr.  Chnrroppin  has  gon«  to  flrilisb 
Hondurait  tu  obscrre  the  transit  ol  Venus,'  lie  will  be  tbc  only  astronomer  in 
thut  island  to  observe  this  rarvphrnumcnon.'  It  is  purilonublc  for  an  editor  to 
call  tl»e  trau!tit  of  Mrrrury  the  trnnsit  of  Venus:  but  to  call  Hrilish  Honduras  nn 
island  is  a  blunder  that  ou^ht  to  make  tbe  paper  a  back  number." 


Scheinet'a  Spectral  Analyse  d«f  Gestirn*.— Ea  riy  in  J  unc  the  pabltsheni  ( Messr*. 


jVeu'S  aad 


[mT 
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liinn  &  Co.^  of  Prost's  trnnftlntion  nf  fjclKin^r'i  SpettrMl  Anatyae  der  Gettirac 
antioimccd  Lliat  monc  time  wns  iKtdcd  (or  tlw  publkatioii  of  Hie  Ixiok  titan  nros 
anticipntvd,  Ijot  it  waa  then  thought  that  it  wonlil  be  iffiurd  brforv  the  end  <•! 
Iiine.  Tlir  work  has  not  yet  appenrcd  to  (or  as  wr  know,  but  doubtless  it  will 
«oor  be  rcudy  Tut  the  market.  We  have  nut  the  least  dunbt  bnt  thnt  the  book 
will  be  IkcneAied  by  the  dclajr,  for  sncb  pnblications  rnnnoi  be  htirrieil  rerr  MTdr. 

Aurors  And  SoUr  Piomioenwt.— Upon  the  night  of  June  6tb,  when  the  eruptive 
Itrominences  which  art  ilcscribcd  as  hnving  been  !»en  un  June  7 th  at  Good»el)  Ob- 
•ervntory,  were  exnctljt-  on  the  Sun'a  limb  Ihe«-  w««  an  aurora  with  »treiitiicr». 
l'l>ort  June  9th  there  wii»  another  promiiK-nt  anrorft — niioiher  M-<:tioii  of  this 
flame  area  of  dinturbatxY  ItcitiK  nt  the  limb  at  that  time  alto.  These  disi'tayi 
were  best  Kcn  apparrnily  in  Canada.  Fnriher  details  wHI  be  bnd  whca  reports 
for  the  month  nrcnt  hnnd. 

It  ia  of  interest  to  note  that  JtioeTth  wiuihe  I'tb  day  of  the  ajnndle  period 
a*  1  have  tlirm  amttij^rd,  ihix  l>rIt)K  ihe  i^ate  of  a  lonjcanil  very  prominent  wnes 
uf  imrortLS  and  tbeir  ciimicrf),  which  hns  l<erii  the  must  ixrsbtent  ut  aiiy  now  l» 
]>roKrTMnt  t>ie27UdD)'  iniervnl.  ti.  A.  ViiKbRH. 


The  Pulkova  C«Ulo2ue  fm  1885.— They  who  have  lead  the  reporti  and  uibrr 
liublicatiinis  of  the  I'ulkovn  ObveTviuory  nrr  aware  thai,  besides  the  standard 
cdtalotiuF  for  1K4o  mcntionril  tn  ProlesRor  Lastmnn's  address,  there  la  nl«o  one 
for  lli6S  which  is  the  Ui\n»  of  ilte  |»rcMiit  ,|nhrbuch  ephrmi- rides.  Tliii  is  Inr  more 
occnratc  tlian  the  rocmer:  in  risht  UK-cnsion  bctause  the  chrono){raphic  method 
was  added  to  iheerc^nd-enr  me<ho<l;  in  ilecbmilton  ttccauae  of  more  voniphrte 
obfervations  aevordinK  to  tt»e  protimmme.  A  later  oue  for  1K85  is  now  in  pro* 
grtws  and  the  deelinationf  nre  puhlisltcd. 

They  nre  still  mure  completely  observed  imd  discnssed.  Tlir  InMrumiriii  is  tlic 
same  ns  before:  a  rcrtifnl  cirele.  Rut  it  hn«  Ixen  re-divided  by  the  Kcpnolilh.  TIh- 
uimr  mcthot)  i*  used  ;  that  Is  every  observation  isdoiiblr;  IfKlnntnimrnt  was  ro, 
tated  nti  it*  verticiil  iixii>  after  tsl<iii;{  one  nllitndr,  and  another  taken  in  rcveisetl 
position.     The  level  is  of  course  used  to  indicate  the  irro  point . 

Th^'varifltion  of  tlw  latitude  is  observed  and  allowed;  the  rrfi'nctions  urr  re- 
dincu-'tscd  allowing  hir  the  difFcrencc  between  exterior  and  interior  trmpcrntiirts. 

The  final  result  i»  to  indieate  Ihnt  the  declinations  for  1805  brought  up  with 
the  proper  motions  fi'om  Auwera  and  llradlcy  are  very  nearly  in  acvordam.'v  wtlh 
llM>se  for  IKH.'i,  tlte  averige  difference  bcinj{  less  than  O.Ofl.  The  new  PulVuvn 
declinations  tlien  are  a  most  important  and  wrk-onic  coulirmntion  of  thotte  t^ivcii 
in  the  Berlin  Jahrbuch.  T.  W-  KAFFord, 

UMhnmst-tn.  July  5,  1894. 


A  Derfa  for  Secnrlns  a  Mttaaj  Sartmct  nndlaturbed  by  Earth  Tremars.— hi 
lakins  observations  by  retlretion  from  n  mercury  hoHton.  tl>c  observer  is  frr- 
qucntly  trouhlnl  on  account  of  a^ilalioa  of  the  mercury.  This  Is  especially 
troubk'soiTW  in  the  neighbor  hood  of  a  city  or  railroad.  On  the  (aerof  the  transit 
cirele  of  tlie  rnivemity  of  Minnesota  tlie  disturbance  is  wo  jfrent  and  no  constant. 
ihnt  it  is  lni)K)&eilde  to  see  the  rrllccLcd  images  uf  the  wires  nntil  Inte  nt  night. 
ICren  then  ihcy  are  wen  with  great  inriistinrtncbs.  To  Overcome  thai  diilicnltr 
Mr.  Sae^muiier  sent  with  tiK  traiKtt  rircle  a  bunch  of  felt  cloth  and  a  cotter 
disk.    His  instmctiona  were  to  pot  tl>e  felt  doth  in  the  mercury  cnp,  place  the 
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disk  apoti  it  nnd  fill  ibr  sMchtly  concuvc  mrfat'C  of  the  disk  with  mcrciiry.  A 
trini  nr  this  mrtbud  nV-ownl  tbc  images  to  be  somewliat  inipntvt'd,  but  tlvcy  were 
still  seen  will)  ^rvat  diflioDlty.  Ffowevfr,  whfn  tlte  felt  cloth  was  removed  And 
Itic  (link  lli>at«<l  (111  ttic  mcn-urv.  the  reflecting  aurfaee  upon  iIk  dink  wak  lituitd  to 
be  nbsoliitelT  qiiici.  The  imnseK  »f  the  wire*  Ciittw  oiit  with  pericrt  dixtinctnc"* 
ni  aiiv  time  nnd  iimler  any  ordinnrr  eondition  of  di&iurbaticc  Dunni;  the  pas*' 
in^  of  n  rnilnjiid  train,  »evrrul  linndred  yiirdit  distant,  a  slight  OKilliilor^'  motiun 
of  the  imnfjc!)  was  nuticcd. 

Tl»c  HUtxt-sn  ol'  thi»  method  18  due  to  two  caiiBes.  Pinit  sincr  the  ilcftth  of 
mcivury  on  the  disk  is  sliKhlt  the  attrection  of  the  cupper  tcuds  to  prevent  tur- 
(avt  waves.  Second  bernuac  the  dixk  floatti  in  nienrpry,  the  ontMtrle  surface 
wares  DierHy  break  npon  the  sides  of  the  disk  wilbout  impartiiii;  their  motion 
tail.  V.  V.  ).itAVi;Nwi)KT». 

nnivcrsiiy  of  Minnesota,  Jole  9,  IS94. 


NOT«  Aaiifft. — On  the  momini^itof  July  ISund  14-  lexammrd  thisobjnrt  wiUi 
the13-incb. 

It  has  not  ch«ns«I  in  brifthtneKS  from  the  hiist  ubftmrtitions  in  the  spring- 
It  in  apparently  the  slightest  bit  brighter  than  tlicatar  wbii-h  Mr,  Burnbam 
has  called  T  in  his  cnrlf  mensitrr*  of  the  Nova,  nnd  which  is  in  K.  A.  .13^  nnd  (li»> 
tancc  K5"  k,  e.  nABKAitt>. 

Mt.  Hamilton,  July  14,  1K94.. 


Temple's  Periodic  Com«t. — Tht»  faint  comet  is  noxv  beinv  observed  with  tbe 
12  inch  ctjUuturiHl.  It  is  estrcmely  faint  with  that  instmmenU  Abont  Vs'  to 
diameter  with  scarcely  any  scnmble  brightening  in  the  middle. 

It  promiMS  to  lie  obferrable  tor  some  time  yet.  e.  e.  lUlMABn. 

Mt.  Homilton.Jnly  1 4,  IKIH. 


In  my  paper  on  the  Projicr  Motion  of  the  Stars  in  the  Uutnb-Bell  Nebula.  A«- 
TROMOuv  axei  Astro<Piiv»ics  for  lime,  I  de<«irc  to  make  the  following  correetton 
on  p.  447. 

For  tlie  star «/  in  t!»e  ^^  for 

I5".7y 

IG   .27 


t 


read 


+  ie".37 

13".84 
16   ..S7 


t 


■f  16".  to 
This  gives  for  the  eutniiarison  with  Strove  in  J*'  for  d 

DifT.  from  Struve. 
Straw      +12".8 
Wilson     +  16  .6  -  3".S 

Mamard  •*-  I6  .1  -  3.  3 

Diflerins  from  the  value  in  June  A.  AXb  A.-P.  by  0".3 


K.  K.  HAIINAHU. 


Photometric  Catalopies  of  the  Harvard  College  Observatory  .—In  Aatroaomintl 
ifacbricbtea,  \'o\.  13-t,  p.  355,  S,  C,  Chandler  eevercly  criticises  tbe  photometric 
observations  which  have  licen  pnblisbed  in  some  of  tbe  catologtKS  of  Harvard 


Colkxc  Olmrf ratory.  E.  C.  IVktrnn};,  tlieilirvctor  «t  tbcalKivc  niimed  niit^rvB- 
lury  iin>wCTS  these «-rilk-»m9  ill  A.  A'.,  Vol.  1.15,  p.  'J'M.  In  the  snieic  rclrrTCil  to 
Mr.  Cfannillri*  L-lnini«  ihnt  aptin  cxntninnlitm,  "It  Mion  Im-jtmc  nititittnt  that 
ihctT  were  iiunicrntis  inoiiijiruitivv  in  the  ohwrvatinni  Ktven  "  in  Vol.  XXIV  of 
t)K  ilurviird  Cullcf^e  OtMCrvat'iry  Aniini*,  *u  nmeh  *•*.  u*  lo  knve  ii|m.iij  Inm,  "an 
impcvsston  of  riJMnist  whether  any  nf  tbcM*  iihsenrntions  urr  iuitahle  tar  may 
pncuK  Or  critiL-al  puf|)0»e."  Ttien  IViIIowb  htteen  eitnlinns  <ii'  rrrnr  in  s>ii|i(Hirt  of 
tbtB  hvcly  (li«ti'unt,  all  of  which  drc  variititlc  atilfs.  niti^iiiu  aX  iheii  iitiiiiiiia,  frr>in 
the  9th  to  the  I4th  itm^ntiu<tr  m  bn|[liti>cu.  Tlie  h}*|K)t))miB  which  Mr.  ChnncI- 
kr  assumes  aa  retMunntilc  lor  ibe  cati«c  of  thcM  errorf,  is  Kenernlly  the  obvrt^a* 
Una  uf  wrung  atnni- 

Hc  next  snyft,  "sltll  stmujier  prrsunuuion  csiaU  of  a  utiiiilur  ilcfrrt  ia  itK 
obMivntiniiK  for  (he  t'hotontelrk  Calolnxue  of  hriftht  ilors  in  Vol.  XIV,  where 
tl>e  >li»c(>rilAiK'i-»  urr  <rrl  more  ulurLlinK  Biid  numerous  aikI  have  |>UKxleil  A>troiH>< 
tnersuvho  bare  hntJ  ix'tfl^ion  tu  eiaitiinc  Ihore  rwnlts  eritieally."  In  mjpiKirt  v( 
this  fiwrcping  *']iresuinpti<in  '  tliree  ohiterTuutins  ofonc  i-tj>r  nir  }fiven.  and  he 
adds  ill  the  snme  pnrut;rii)ih  tluit  "ihiH  o)>}ev't  is  a  fuint  telcMropic  Hlar  a(  I*. 5 
muKnituilc  whieh  mu>t  hnrc  crcfil  into  tite  the  wurkin>;-h«t  rrom  failure  to  notice 
the  i.-orrc\-tion  DB.  V),  p.  378.  hut  to  j(o  into  the  errorm  !n  ibe  rholometnc 
CHlnloftne  lies  oiilside  nf  tlic  intended  scope  o{  (his  note." 

Director  Pivkerinft 's  answer  lo  this  attack  it  explicil,  cuurteoUK  ant)  ilifinilied. 
He  snrs  the  otily  error  prtinted  out  in  Vol.  \1\'  had  liren  detcctnl  at  Harvard 
Ohacrvntory,  and  ait  explanation  forwarded  inonthN  nt[o  to  the  nnperiiitendent  rd 
the  Hntioh  Nniitienl  Almiinnc.  These  itlxMrrvalioiiH  were  iimnitK  the  first  under- 
taken,  ami  threirorti  n-err  due  to  errors  in  other  rnlnlogues. 

Filttcn  itt^^nnl:els  m(  errijr  urr  olso  pointed  out  in  «  total  liwl  of  etuhty-sis 
variable  stars  whoKohservatinns  ate  printeil  in  Vol.  XXIV,  and  Mr.  Chandler's 
assumption  is  that  simtlnr  errors  rxi^t  thrciughaoc  tlie  entire  Catalojfuc  of  over 
20.00O  stars  contained  in  the  same  volume.  Of  llioac  fifteen  Mars  Profe»tor 
I'ickcrinM  nay*  the  iiriijJnitl  rccvirdi*  Hhow  tlinl  eight  places  were  wtoug  Ik- 
eause  ot  wronj;  reduction  oriuinnlly,  and  ibnt  the  pljin  of  observation  HffonleH  a 
means  of  snti»fa(-tor>  identiticntioit  ol  ilie  ri^bt  ktars  in  rncli  vnM.  He  point* 
oni  three  error*  that  Mr.  Chnndtrr  miicle  in  trjinu  to  hKHtc  the  stars  he  uli- 
aervrd  and  to  give  the  right  mn^itude.  Two  other  em.ra  I'rofrajtur  I'ickrrin? 
says  were  raMik  with  the  larKC  meridian  photooietrr  when  it  was  lirsi  etn|iloyeil. 
The  onginal  rrrord  of  the  nliservntion  of  another  i>tar  obverVrd  in  IKKH  is 
missiiijg!.  In  the  vase  of  two  others  tlie  mtr-idcntilicd  stnrs  ore  so  einw  lo  tbe 
positione  of  the  atare  named  that  tlie  maunifyinfi  power  uMtd  on  the  photometer 
wonki  not  make  tlve  itilfercnoe  in  position  perceptible. 

Director  l^ekcring  alsorlfitni*  tlial  it  uan  not  tie  ai^sniiied  that  the  olMeivn- 
tionn  of  lariublr  stnnof  luujE  jHrriod  nrc  Mron;;  bccnu.4C  tbcif  mcustiicil  uiaffiii- 
tudcft  (!<i  not  njjree  witli  ibow;  fomid  bv  piwlictiim.  For  o  Ceti  liiia  been  olMtcrrcil 
mure  tbun  four  centuries,  yet  iu  lime  fur  maximum,  ibis  year,  as  predicted  by 
Mr.  Cbiindlcr  wan  Feb,  IT.  but  the  niaximnm  really  came  more  tbnn  one  month 
later  than  the  prrdiclion.  It  is  olao  a  well  known  (act  that  tbe  different  masimn 
of  Chia  star  varr  by  as  much  as  threr  whole  majjnitndes.  Crilicismi  an  the  cf- 
ron  of  ma^itndcs  in  long  |Kriod  variable  star*  is  not  very  safebasinesa  in  tbe 
|ire«eat  state  of  proi;rcn  of  variable  star  astronomy.  In  the  lifiht  of  Profewor 
Picberinfc's  nnxwer  it  Mrms  to  uii  that  M  r.  Chandler  has  grcntly  exaiivvrated  hi« 
eoae  whether  lie  is  conscions  of  it  or  not  (think  he  is  not),  he  has  unjustly  and 

la^frully  berated  reaaonably  good  work.  Surh  an  arrnijernmeiit  is  notahigh- 
ide<l  bcnciactiua  to  science.    It  cao  not  be  esteemed  an  enviable  honor  lor  any 


of  it"  truth-Iov'mg  vularics  to  »car.  We  Ho  itol  wnndcr  tlinl  Dr.  (rfiu)d  aliotild 
fedinRlr  di»claim  «ny  shnre  in  the  onus  of  «iicli  n  thing  in  th«  iaind«  of  pvoplt 
EtMicrAlly  inteiTftrtl.  On  the  other  Imtiil  how  difTerent  arc  the  newspaper 
momhiags  of  a  few  science  ftniglings  at  the  "  Huh  "  who  pose  aa  jadget  snpmic 
on  the  merits  or  itemerits  of  "  Old  Harvard."  Judged  hy  the  true  nrientitic  spirit 
Che  two  views  urc  as  far  npart  OS  the  cost  is  from  the  west. 


The  Radiant  ol  the  August  Perstids.— Mr.  Mont-k"!.  rciwated  allncks  un  the 
motion  of  the  I'enfffid  nnhnnt  ]»ini  rcicinU  mc  fwrcildv  of  Ihe  late  John  Hump- 
den's  assaults  on  the  rotundity  of  the  U»rth.  The  latter  centlemnn,  it  fa)  tme, 
never  succetdMl  in  making  thcglobe  flat. for  it  apparently  still  rvCaina  Itx  spherical 
shape,  nor  will  all  Mr.  Monrk'a  enrimvnrs  alter  ttie  behavior  of  the  E'erscM  radi- 
ant by  bringing;  it  to  a  ittnndstill,  for  in  the  ordinary  routine  of  Nature  it  will  go 
on  muring  much  the  same  aa  at  present  until  llu:  end  of  time  I 

Thismulian  is  amply  proved  hoth  by  observation  and  tlfcuiy.  Mr.  Mooclt 
overs  there  iet  no  motion  though  he  han  never  invcotl^nterl  the  fejiture  either  in  Its 
obocrrationnl  or  mathematical  iKIirinj^  Urtn);  unar(|uaintcd  with  ritlirr  the 
one  Or  the  other  he  id  obvinmly  not  qualified  to  »peak  iipim  the  innttrr  at  all. 
for,  to  be  iicrfeeily  fmnk  with  him,  be  cannot  know  what  he  is  talking  about.  He 
is  trying  Cu  raise  a  <u|ierMructure  without  puitinj:  in  any  foundation,  and  hns  as* 
Humed  the  position  of  an  anthority  without  the  research  ami  cxpcrirticntal  knowl- 
ed]2v  neiYHsary  to  merit  that  title. 

In  spite  ot  the  good  advice  that  has  been  previously  tendered  to  htm  Mr.  Monck 
in  likely  to  ){o  on  hammerinx  »«'oy  at  the  Pcmrid  railiant  for  a  lon^  time  to  come 
and  with  precisely  the  ^ame  nt^ative  result  an  hitherto.  His  frc<)iient  expmmions, 
•nch  a«:  "  I  think,"  "  It  appears  to  nic."  "I  iKtieve,"  etc.,  etc..  show  that  Iw  rents 
bis  argnmrot  on  mere  suppusition  uiid  nnt^upportcd  idrnt  and  thnt  there  i»  no  rr 
Hnlde  groundwork  whatever  lor  hia  puerile  critidsin.  Let  him  attempt  bypnttnit 
labor  to  aecumnlote  fact!!i  and  all  the  evidence  possible  bearing  upon  the  subject 
and  then  Ik  will  be  entilkd  to  attention,  but  his  present  posture  is  certninl;r  aa  itw 
effectivc  a*  it  is  ridiculons. 

The  motion  of  the  Pcmeid  radiant  can  be  observed  *»  a  conspicuous  featiir*  in 
Jnly  Bod  Au^'ust  uf  every  year  by  any  one  who  will  toke  the  trouble  to  watch  the 
paths  of  tlw  meteors  and  record  thinn  accurately.  Mr.  Mnnck  could  readily  wit- 
ness it  for  himself  were  hia  obserrntionnl  power*  up  to  mediocrity,  but  most  an- 
fortunntety  Ibcy  arc  not  and  be  has  fallen  into  the  error  ol  supposinj«  that  tnerv 
cavilling  can  supply  the  place  of  practical  in ve» ligation. 

While,  during  the  last  ([uarter  of  a  century  or  so,  Mr.  Moock  bns  lieen  nnicljr 
ItK-uted  in  his  feather  bed  and  utterly  oblivious  as  to  what  has  l>cen  going  on  in 
the  heavens,  some  of  us  hove  liccn  out  of  doors  nil  night  watching  the  fiill  of 
meteors  and  often  enougli  shivering  with  the  cold.  It  can  l»c  fairlv  anid  of  the 
observations  which  have  accumulated  that  they  were  conducted  with  all  the  car* 
and  plrnnu  fill  lie  intrrcHt  nuch  as  only  iin  intrmte  love  for  the  subject  could  (n»(Mre: 
The  results  have  been  pMblished  and  in  respect  to  the  mobile  radintioo  of  the 
Prrvcids  theory  has  demonstrated  itit  perfect  consistency  and  cat  nn'ny  ibe 
jrround  from  under  the  fret  of  skeptics.  But  it  is  really  <|nitc  unnecessary  to  Pc- 
cnpitnlate  details  or  to  enter  into  lengthy  argument  in  any  vnin  attempt  to  fnrcr 
the  truth  upon  one  to  whom  it  appears  to  be  so  fiin^ularly  indigcstiblr. 

Bristol,  IHIM,  May  17-  W.  r.  DRXIti»6. 
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M«tbcinatks  aad  Astroaomy  in  tba  Daiveixity  of  Chicago.— Hut  for  lack  of 
■pHL-ir  wc  would  uluiily  publtah  the  cnliiv  pioKrainme  ul  lIk  deiinrtinrnts  uf 
M^lhfitinlKrfi  iiikI  Ai-trononiy  now  in  umt  al  the  Cnivcrsitv  of  Cbiciif^.  Ii  is  nn 
cxcrllciit  (inr  ond  it  will  ccrtaiDly  he  librrull^  putroiiitcil.  For  rite  iniiiicdiute  in- 
roniintiuti  (if  thoH  intcic«te<l.  we  give  the 

CoNkPflcntsoK  Cutmscti — 18944. 
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Onited  SUtn  Hav^l  Obaerratoty.  — On  the  9th  of  June.  Srniilor  Morrill  uf  Ver- 
mont olfcrrrl  nn  iimciiilnicnt  tu  the  hill  Ixfore  tlte  Srontc  ol  lite  ('iritcil  Slates 
fdjikiiijj   ;i|i|>ftipniitHiiii>   'tn    the  tuihiI    wrvn-c  niti!   for    aDicr   |iur|io«e>.      Thitt 

riKltnctit  wn»  ii!i  follows  . 

Thnt  from  iiml  niter  ihr  t>i»Miice  iif  t)ii*  net  the  KupcHitteittlent  m  thf  Untted 
Stale*  NjiviiI  Ulwervntorv  ^hiill  Iw  u  tHTik)ii  wlreinl  jritm  i.ivll  lilc  IritmnI  in  the 
•cience  of  ;iBirniirtniy,  t*i  he  a)itiQinte(l  hy  Ihc  I'rewilenl,  hv  a"it  with  Ihr  iirlrire 
and  fonsciiL  *»t  the  Scoitte,  itnd  nhiill  irv-rivo  nn  Hnniml  onlnry  of  five  ihouAnnil 
dulUirs :  he  miiy  nlsu  'RVMiiy  (he  ilwrllini;  hi>ii!«e  nr»f  llw  OliKryiitary  frtr  <if  rent. 
The  Suprrinicndent  nloToai'l  >■  tK-reliy  nnihnriirit  ninl  dirrctcl,  with  chr  iij> 
pruvill  lit  the  Sccretiiry  ttllhe  Mnvy.  in  reoru.miite  siii'i  OI'mrivnturv  «*lahlt»h- 
mcnt  nnd  tu  mabc  btich  irt:nlatit>iis  »*■  niny  lie  rxiic'licnt  tn  ret/ition  to  the 
Olis^-rvaioiv  tind  it»  ■uhonlinate  (ifliccrs,  profraaon  nnd  cilhix  rniph>y6t;  PrV*. 
vitM.  That  nfler  Jatnuiry  first,  eiahteeii  liimilreil  ninl  ninety-five,  llic  loinl 
s/ilnr>r9  nnd  annunl  L-xpctxIitiire^  nhiill  he  iidJQMeit  lu  it  Iiabu  at  nut  cxcwiliu); 
fifty  thousand  dollnnt  |>er  nnnnm. 

itn  June  II  .\lr.  Moritll  »u|ipitrte<l  this  nmcnilmrnt  hy  .i  spri-eh  ntir^iit  tenmin- 
nles  lang  Belting  Ibrtli  in  □  ctcnr,  iiitle,  iind  mo.tl  eunvineini;  ntiinnvr  the  dvHnttiil- 
iXy  of  ItfcchflDjtes  prnpoMd  tie  nlsn  nelirri  ihnt  nrrtnin  inipttrtnnt  pnprni  rclnt- 
iDit  to  the  Ruicndmenl  be  printed  lii  aeeompnn>  it.    TIkk  (lAjier^  wcit: 

1.  Budget  of  tlic  Kuynl  OlncTTatory,   Greenwich,  with  L-orpecpoitilinf;  np> 

pro  print  ions  fqr  tlw;  «up|Kirl  "fihe  Naval  Olwwvntory.  Wnahinjtlnn. 

2.  Slutetnent  of  ordinnry  w'lrk  of  tllt  Oliwrvnlnry. 

3.  Letter  Irimi  ['rolei.8or  A«Jtph  Knil.  in  189:;.  to  SenuKir  link  of  Mulne, 
4-.    l^eltera  from  S.  C.  Cliniidler,  tJ.  \.  Voun)*,  H.  K,  (luuhl,  Lewis  &omi. 

5.  Bxtiiii-t   irom  the  Report  ot  the  Secrvt>if;y  itf  the  ISnVy  f»r  IH93.  p.  .57. 

Nnvvt  llh»civnt<iry- 

6.  Roynl  Asim nominal  Swicly  of  t.'>nil<in. 

Mr.  Morrili'ii  mcnsore  wna  fnvomMy  and  nnanimoatly  rcpurtv<l  n|«(in  by  the 
Scnntx  CoRimttter  dd  .N'arnI  alfairc.  and  tlie  amvndmrnt  wna  inMru*!  in  the  Leg- 
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islntlvc  bill  hy  tlic  Stnnic  committM'  oit  a |>f>mpriattotis.  Wliite  tlic  bill  wo* 
pending  in  the  Stnfitc  ttir  i.-c>mniiltL*«  conMiltnl  lliir  Sccrrtnry  of  tl>t-  Savt  who 
«nggntc<1  *ome  chatigrs.  Wboi  the  nicusurr  was  pal  iom  slinpr,  it  proved  to  Im 
one  lenviiiR  tlic  Naval  Supcrinieiiileiil  in  v)inr);e,  nnil  ixMinK  to  the  urKniil'Btino 
a  "Wfcvlorof  Astronumy  "  tu  hiirc  charj;c  of  the  AhtronomicHl  work  aiwt  lo  con- 
trol the  aHtronomcni,  amisLani  .itttronnmrr*  mid  i-om(>iitrra,  l>iit  iiothinj;!  furtbrr. 
It  WAS,  hovvt-vor,  put  in  li>  the  Srnitte.  and  went  hack  tu  tlie  Ilaune.  iU-rv  Mr. 
Reed  of  M.itiie,  made  n  ntronu  nficech  ji^uinal  Dte  mensurc  liecnuw  it  left  the 
iiMvnl  iirtrccrMtn  control  (See  Conjj.  Kec..  July  20),  July  24,  a  conkrcnce  commit- 
tee rcfuMMl  to  tidupt  the  Scmtte  measure,  nnrl  sii  tlie  whole  fflAtter  i»  postponed 
until  next  scflaion.  The  friends  oT  the  Morrill  meiisure  will  doulitlc»  ]>ive  ihU 
in,ittcr early  nttcnlton  at  the  next  session  oC  Congrem. 


Tbe  Chicago  Academy  ot  SelenoH.— .^tvtfon  of  Aatrooomy  and  Mathematics, 
Jane  II.— The  reKiilitr  monthly  meeting  was  Iteld  in  tlie  HiHirtmentu  fif  ll«  Com- 
merce Club,  Auditorinm  Building:  Frofestur  G.  W.  Hough,  rresidciit,  in  thr 
chuir. 

Professor  S.  W.  Bumhnm  re:id  thf  first  pnix'r  of  the  evcninjcon  "  Asuonttmi- 
eat  Fhtitogrsfihy."  The  siicakcr  exliilntcd  nn  ihc  screen  n  serleit  of  the  finest 
ret«nt  ast ronomicftl  pbotoj^rnplift,  and  dtM-iii>»cd  nt  sxinc  Irnjitli  the  dir)ioallir« 
and  timitntionH  of  mitdern  pbotngrnphy  rnt  npplied  to  tbc  Itriivenly  lH)dtc(».  The 
photo]srapbs  prnjectetl  with  tl»e  lantern  included  Ihc  celehrnted  photofcmpba  of 
the  Milky  Way  hy  Professor  Biimard  tnd  T>r.  Max  Wotf:  iriclnrw  of  the  Orion, 
Andromeda  and  other  nehulte ;  uHo  pholo^crapht  ol  several  clustem,  imladinit  the 
PIcindes.  nnd  espc^•iolly  (tmcpa  Cenlntiri.  nj>  inhen  hy  Gill  and  Hiekeriiig.  I'rofcu- 
4or  Duinhnm  tlKn  discimscd  the  nppliintitin  of  photoffraphy  to  comets,  andex- 
liihitn.1  l*M>f<-K«or's  IlHntiird'ii  hue  ph(ito);rHphi(  ol  foinrt  Swift,  and  bis  very 
r«:;»L  phoiiigrjiphs  of  comet  (i.ile.  tfwa*  remarked  tliat  phoioRraphy  gnve  Ihc 
only  mr.'ins  uf  tiljtnininv!  an  unprciudiccd  record  of  tt>e  np|(caranee  of  cumct*.. 
And  the  atidden  chan^^^t  which  their  tail^  nnderjro  from  day  to  day.  At  the  c<>n- 
dnsinn  of  Proti^«or  Iturnhnm's  paper,  a  general  difiniMion  followed,  in  whi<-h  all 
the  resident  aMlronomcrH  Umfe  |wrl.  Dr.  T.J.  J.  See  reftd  tile  necnnd  paper  of  the 
eveninH.  on  "  The  determimnhta  of  the  relHtive  morion  oftiK  etimjutnmn  ttfA 
tiiimrjf  star  in  the  hnruf  aiglit.  nnif  on  an  a/i/woxfmnle  method  nt  fimling  the 
ciwtitn't:ithr  of  the  orbits  of  Spntrtif-vtipfc  ftitiHrtCf."  The  s'lienkcr  leteiTed  to 
hifl  paper  in  the  AsTHo.-«nuv  \so  Astr(»-Phvsics  ror  November.  1803,  in  which  be 
);ftvc  Mppnmiiiintt  forniulic  lor  the  motion  in  Ihe  line  of  night  when  the  orhit  is 
not  very  ccccntiit,  l>c  then  fiuvc  llic  riRoriins  furmuln;ror  the  ntolton  in  the  line  ol 
sijfht  whHtever  Ijc  the  ecTCntru-ity.  Here  be  flii'j|Kiscd  the  element*  to  l»c  known 
from  luicroiiietrical  measure*.  The  converse  prtihltm  of  findinR  the  elemcnlB  ftx>m 
The  nbserA*ed  motion  in  the  line  nt'  sicht  was  then  tnkcn  up;  and  the  s|i«akcr 
showed  how  this  prohlcm  cnnid  he  solved  by  snci'eMive  HpproximatiottA.  The 
Mixly  of  the  Telocity  curves  would  give  the  principid  elements  nnd  csiHYially  the 
eiccnlricity.  tlr.  Sec  reft- rred  li»  tlit  tm]Kirtjint  wiirk  of  Pickcrinji  and  VohcI  on 
Spe«troitcopic  [tinnrirB.  nnd  expreKed  the  hiijie  ihnt  they  would  dcdtice  the  ele- 
ments ol  the  systems  already  discovered.  Hcsuid  that  the  study  of  these  rA)nd 
syslems  wnii  of  great  iippnrtance.  ns  it  mi  hi  in  n  few  year>  re%*citl  wnsibic 
cbanf:r<i  in  the  period  du«  (o  the  wnrkin^  of  tidal  friction.  The  speaker  olso 
pointed  out  Ihc  high  imimrtance  of  applyini:  the  speetroseoiK  to  the  vAriable 
•tars,  for  the  puqioK  of  di-eidinj;  whether  tlie  chnnvesnre  due  lo  revulving  bodic« 
which  are  highly  inclined  upon  our  visual  ray,  as  is  certninly  1  he  cjiiie  with  vari- 
ables ••(  the  Algol  tyj>e. 


In  the  diKinainn.  Prorcswr  Uout{f>  nrmarlccd  tliat  while  ttl«  theory  adTAnceri 
in  the  pa|tcr  wuft  «oui)c],  tt  would  I>r  (ItRicHlt.  ta  ai-tUHlly  apply  >t  in  ttic  present 
MoU  1)1  iisl ruitoiDy,  owJn^;  to  the  Rirnt  dvlicarv  rrqirirnl  iu  the  uliurvutioti*- 
Aftrr  somt  lurtbcr  temarMs  ihc  section  adjourned.  tf. 

Disk  of  Jupiin's  First  Snlellit*.— The  lahlcon  pofi^  4'2-V  of  our  June  iwwc  is  in 
OTOn  In  the  fourth  ci>lmnn,  a«-ur  llic  liottoni,  I>  shunld  lie  inserted  Itclween  the 
two  TN.  t'aiwtnj;;  nil  the  kttcr*  ulHitt-  It  to  A|>|>«'nr  ^irnr  line  higher.  That  will 
t'nrdit  I'roientni  [Vkt-rin;;  (P)  with  ol>»crvnttoiiK  I.  li.  5.  7.  U.  and  1 1  tis  appears 
in  the  proof  br  rrnd-    Thr  miHlnkc  wax  mixh-  hy  tlir  carcloane^b  ol  the  printer. 

BIBLtOGRAPHY  OF  ASTRONOMY. 


Mi'HLLKfi  (G.(  j»»D  P.  Kfiui'F.    Phoioroelriwhe  I)itrehm««teninK(l«  Nfirdlichm 

HimmetscnthBllcnd  idle  Stemc  ilcr  B-  P.  bis  inr  Grorue  7.S,  pnrt  1,  2on«  0* 

ItLs  +  20^  IhrlinAltoa  I  Piittlk-iitiiinrn  dea  AxtrapbysllmliBchcn  Obavrvator- 

iumsxu  Poladom.  vol.  01  +tn,  LripciK  IP94.  55  2S. 
PntxcAKl!  (II.)  I^sm^lhndc*  non'v-elle*  dc  l«  n«^nii|uc  celeste,  with  eiiieravingi, 

2  vi>U.  8vo.  I'.tris  IHH'JIU.  V..?.'".. 
E'cH'LKOVA.  <llKCTVHtinn»  dc  ptiblic,-^  piir  U.  Struvc,  vol.  10.    Mcsnrei  mivroine- 

trlt|tK«  drs  tftuilcs  donMes.  foliot  St.  P^tcrslioiirx,  1 893.  95.25. 
KofiRHTS  (1.)     A  selection  of  photographi  of  Binrs,  star-cliratcrs  and  nebalw,  to- 

XClher  with  infomialion  eoncvrtiiiif!  tllc  inBlrumetit*  nnd  the  methods  eni- 

idojed  in   the   puntnit  nf  criertini  photoftruphy.  with  53  plntes.  Ho.  doth. 

ISDi,  $7.51*. 
Strhiil  (K.J    Thvoric  dra  Fernmhrj  uof  Grtmd  <ter  BtweRung  den  I.ichts.  port. 

with  pintr.  8iro.    Uipziit,  IKdt.  $1  13. 
Strcvb(H.)    lleol)(ic>iiiin<en  dcr  Neptiinn  trAlMiiiten  am  30Z6lUftcn  Pulkowaer 

Refractor.  Jto.  St.  Petersburg-  ISIH.  7S  fta. 
GinKkHK  (A.)    The  aturrA-  Mkie*:  fir^t  lr»«uni«  on  the  tun,  moon  And  Alan,  with  il- 

lustrattuns,  IRnm.  cloth,  1H94,  03  cU. 
GoKR  ( [■  E- )    The  wurUls  of  spnce .    a  terie*  ol  pnpalar  nrtirlvs  on  asLrottoiiti<:al 

subjcctn,  Willi  engraving*.  .Svo.cJoth.  189*.  $l.HH, 
GRRRKWicit  five  yrnr  L-ntAlu^nc  of  3AH  ftindnmcntnl  stnnt  for  (80O.  iUK,  liOlinf*, 

lH94,SKct«. 
Hkrz  (N.)    Geschichhr der  ttn hubrstimmnng  von  Planeten  nnd  Kometcn,  part  t, 

nnd  2.  8ro..  LripKis.  inJiT-f**  $S.SS, 
HrnER  (G.)    Stern "cluitippeii.  FcHcrl«nj;rln.  Meteorite  unil  Meteor»chwfinne,with 

cneni vinKK.  Ben.  iiem.  IS'.t*.  3n  nn. 
Jargr*   (G.)     Ueber  d'te  t)eii«hiiii^  Ztvisehen  Itriligkeit  and  BtgCDbeweKUtiK  dcr 

Fixstcntr.  with  ■i  cn^ravinf;*.  8ro.  Wieo,  181M.  I!1  rti. 
LocKVKit  (J.  N.)    Klcmentiiry  le*>»i)n«  in  amrunomy,  new  edition,  13mO.«clotb, 

ISO*.  |1.3>». 
Mf.h  1A.)    Ohservutional  nstriiiiuiny  :    alKiokfor  I<ci:inner8,  with  memoir  of  T. 

W.  U'cbl).  with  ap)K-ndix.  engiavings,  royal  8vn,  Cardiff,  1894,  03  ccs. 

These  bofihftcnn  be  bought  of  Meaara.  Wm.  Wcaley  &.  Son.  Essex  St.,  Strand 
Londiin,  England.  ' 
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PUBLISHER'S  NOTICES. 

The  «iitwcn}>l)Oii  price  lo  Astkhmomv  axi>  AsxKo-i'HTiiii-*  in  I  he  L'mtext  Stntr* 
nntl  Cniindu  w  S-l.'ht  iwr  yvar  in  udvuiicr.     Fur  (oreian  irouiiinvR  ii  le  i:i  t)r  30.3O 
mnrlix  |icr  year,  in  (ulvnmo,     Kccrnt  increase  in  pnw  to  Mreigir  aubwcnlK-ri'  r*  f!r? 
to  iiuTr.iw  of  {H)i>t;iKL'  bccaiuM."  of  ciiliir^ct!  ftUc  iluriti>{  tl>c  vciir    IXOJ      M<  ■  ■    ■■ 
Wcsty  &  Srni.  liH  Es-scs  Street,  Str.'nitJ,  Loinlon.  «rc  uuLhorix«(l  to  rcceivi:  ijIj 
scription».    I'jiymi'nt  nhoutd  be  in.irh;  in  pnsial  t<oit»  or  ordns  or  bank  dratti, 

Currency  Khiiuli)  nlwny%  be  sent  hy  letjistcTcil  letter. 

Foivipi  i)<i8t-of£ce  ordvi's  should  atwara  be  drawn  on  tbr  |»08t-oQicc  in  Nortb- 
lielil.  Minnr»iit(i,  1.',  i^.  A. 

AM    cmniminiciitioiis    pcrlaulill^    to    Aitro-Phvwcs  or    Lindre*)    liraiicbeR  nf 
p)iy»ic8  should  be  Mitt  to  <>eorue  E,  Hule.  Keiiwoixl  Obhcrvutorv,  ol  the  I'liiver- 
ity  of  Chicn^o.  Chicago.  111. 

Fur  inlanurition  ol  C(ii'res|>()nilrnt)«.  ibc  tiante*  atid  adilmse*  uf  Ihc  ak«ociNie 
]itors  of  AsTK".FHYsicsnti-(jivcn  as  follnivs:— 

Jnmes  li.    Kceler.  Otiscrvntnry,   Alk'cltriiy.  I'n.;    Henri-  L'rew.  Niirtbwe.sJcm 
University,  Eraiwton,  111;  Jos.  S.  A  mc^.  Johns  Ho|»kiiibtinivcrwty.  lialtimotc,  Md. 

All  tniiLtrr  or  correaiinndcncc  rclminu  lo  <teiiL-ral  Aairntioiny,  rTnuttafUf-f. 
3tub9cri|itiont>  and  i»(lvcrli»inj,'  !>lioiili!  lie  sent  tn  Wnt.  W.  Payne,  Pulilishcr  nnd 
Proprietor  of  AsmoKosiv  A^D  .AsTmt-pHVsics,  liinHlsell  Observntorv  of  Cnrleloit 
CoMrjfc.  NorthticM,  Minn.;  and  llie  Aasficiate  Editors  lor  (k-iicnd  A.itrnnoinv  .irr 
S.  W.  Kurnbuiii,  (••iveniment  [luihlinf;,  (JbicHuo  III.;  E.  E.  Harnanl.  Litli  t>b> 
servntory,  Mt.  lliuniltoii,  Cal.,  and  H.  C.  Wilso^i,  Ooudwtl  OltKTVutory,  Nurtb- 
field,  Minn. 

ManiLHcHjil  for  jitihlicatioii  sbould  lie  written  tin  <inc  a!de|>if  the  fiiiiMT  only 
and  fMxlal  cure  should  6e  taken  to  write  pruper  iiA»)e.n  nini  aft  torefjin  namc» 
plainly.  All  ilra\vinKS  for  pubticattoM  should  he  itmoothlv  and  CMrtfulty  tnndr.  in 
Indin  Ink  with  leltcrinj;  well  doiie.  Itecnusr  socli  li;;ute*  areeri|iicd  rxitclly  hy  the 
prcKCSsol  ciiK'uvin;;  noxv  iHcd.  If  <l>  .iwinK^  are  niiidv  about  double  the  Mizc  in- 
tended for  the  jirintcd  jiuf^*:,  twttrr  cfTc-ct  will  Itcorcured  in  cnKraviiij;  than  il  the 
copy  iM  leas  in  sux.  U  is  rci|ue*tcd  that  niaouftcript  in  Frcncli  or  (Jernian  lir  iy|ic-j 
written.  I(  ir(|iie«ed  by  the  anihoiB  »vtieii  .irticles  nre  sent  for  |*ub1icatl»0_ 
rirontj-ziv*' rejirinl  cojaea,  in  covers,  will  be  fumi^Iicd  free  of  charge.  A  greotcrl 
niimlier  til  reprints  of  article*  cao  tie  bad  it  desired,  at  rcaS'iiiahle  rMtrs. 

Kate«  for  advertiMnjj  and  raicnto  ncwfi  agcntaean  be  had  on  applivntion  to 
the  |iubttflhcr  of  this  mniiaiinr. 
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General  Astronomy. 


ON  THE  MAGNITUDE  OP  THE  SOLAR  SYSTEM.' 


WU.  MASKNBftS, 

Xnture  mny  lie  studied  in  two  widd.v  difl'creiit  ways.    On  the 
one  hiind  wc  may  employ  n  powerful  microscope  which  will  ren- 
der visible  (lie  minntest  forms  ami  limit  our  field  of  view  to  no 
intinitcsimal  fraction  of  nn  inch  situated  within  n  foot  of  our  own 
nuscs;  or  on  the  other  hand,  we  may  occui>y  some  commanding 
position,  and  from  thcncc.  aided  perhaps  by  n  telescope,  we  may 
obtain  a  coniprchcnsivc  view  of  an  extensive  region.    The  first 
method  is  that  of  thcsiKctalist,  the  second  is  that  of  the  phttot«o- 
pher,  bnt  both  are  necessary  for  an  adetjunte  understandini;  of 
7intiirc.    The  one  has  brought  lis  knowledge  wherewith  to  defend 
ourselves  against   bacteria  and  microbes  whieli  are  aniorig  the 
most  deadly  enemies  of  mankind,  and  the  other  has  made  us  ac- 
•quainted   with  the  great  laws  of  matter  and  force  upon   which 
rests  the  whole  fabric  of  science.    All  nature  is  one,  but  for  con- 
venience of  classification  we  have  divided  our  knowledge  into  a 
number  of  sciences  which  we  usually  regard  as  quite  distinct  from 
each  other.    Along  certain  lines,  or  more  properly,  In  certain 
regions,  these  sciences  necessarily  abut  on  each  other,  and  juRt 
there  lies  the  weakness  of  the  s|>ccialtst.     He  is  like  a  wayfarer 
who  always  finds  obstacles  in  crossing  the  boundaries  between 
two  countries,  while  to  the  traveler  who  gazes  over  them  fnim  i\ 
commanding  eminence  the  ease  is  quite  different,    If  the  boundary 
is  an  ocean  shore  there  is  no  mistaking  it:  if  a  broiid  river  or  a 
chain  of  mountains  it  is  still  distinct ;  but  if  only  a  line  of  posts 
traced  ovcrhilJ  and  dale,  then  it  becomes  lost  in  the  natural  feat- 
ures of  the  landsca])c,  and  the  essential  unity  of  the  whole  region 
is  apparent.    In  that  case  the  border  land  is  wholly  a  human 
conception  of  which  nature  takes  no  cognizance,  and  so  it  is  with 
the  scientific  border  laud  to  which  X  propose  to  invite  your  at> 
tcntiun  this  evening. 

'Commaniciitcd  bvthc  untltor:  being  the  ]>rCBi(Icntml  addms  delivered  t)crore 
the  AmericAn  Aaiociaiion  for  the  ndvttnctrmenl  oi  Science,  At  its  Itrouklvn  meet- 
ittg,  August  16,  IHM. 


To  tbc  popular  mind  there  are  no  two  sciences  furtlicr  apart 
than  astronomy  anri  geologj-.    The  one  treats  of  the  structure 
and  mineral  constitution  of  our  earth,  the  ciiuscs  of  its  fihysical 
features  and  its  history,  while  the  other  treats  of  the  celestial 
bodies,  their  niagnitncies.  motions,  distances,  periods  of  revolu- 
tion, Lvlip-ses,  order,  and  of  the  causes  nf  their  various  phenomena. 
And  yet  many,  perhaps  I  may  eveii  sny  most,  of  the  apparent 
motions  of  the  heavenly  bodies  arc  merely  reflections  of  the  mo- 
tions of  the  Knrth.  and  in  studying  them  we  are  really  studying 
it.    Furthermore,  precession,  nutation  and  the  phenomena  of  the 
titles  depend  largelyupon  the  internal  structure  of  the  Karth.  and 
there  astronomy  and  geology  merge  into  each  other.    Xcverihe- 
less,  the  methods  of  the  two  sciences  arc  widely  different,  most 
astronomical  problems  being  discussed  qnantitatively  by  mcatts 
of  rigid  mathematical  formula;,  while  in   the  i-ast  majority  of 
eases  the  geological  ones  are  dufcussed   only  qualitatively,  each 
author  contenting  himself  with  a  mere  statement  of  what  he 
thinks.    With  precise  data  the  methods  of  astronomy  lead  to  very 
exact  resTilts,  for  mathematics  is  a  mill   which  grinds  exccedin^^ 
fine;  but  after  all,  what  comes  out  of  a  mill  depends  wholly  up- 
on what  is  put  into  it,  and  if  the  data  arc  uncertain,  as  is  the  case 
in  most  cosmological  problems,  there  is  little  to  choose  Ixrtween 
the  mathetuaties  of  the  astronomer  and  the  guesses  of  the  gcolo. 
gist. 

If  we  examine  the  addresses  delivtreil  by  former  presidents  of 
this  Association,  aad  of  the  sister— perhaps  it  would  be  uenrcr  the 
truth  to  say  the  parent  Association,  on  the  other  side  of  the  At- 
lantic, we  shall  find  that  they  have  generally  dealt  either  with 
the  recent  advances  in  some  broad  field  of  science,  op  else  with 
the  development  o(  some  sijecial  subject.  This  evening  I  propose 
to  adopt  the  latter  course,  and  I  shall  invite  your  attention  to 
the  present  condition  of  our  knowledge  resi>ccting  the  magnitude 
of  the  solar  system,  bnt  in  so  doing  it  will  be  necessary  to  intro- 
duce some  considerations  derived  from  laboratory*  expci-imcnts 
upon  the  luminiferous  ether,  others  derived  from  experiments  up- 
on i>i>nderable  matter,  and  still  othere  relating  both  to  the  surface 
phenomena  and  to  the  internal  stnicture  of  the  earth,  and  thus 
we  shall  deal  largely  with  the  border  land  where  astrononiy, 
physics  and  geology*  merge  into  each  other. 

The  relative  distances  of  the  various  bodies  which  compose  tbc 
solar  system  can  be  determined  to  a  considerable  degree  of  ap- 
proximation with  very  crude  instruments  as  soon  as  the  true 
plan  of  the  system  becomes  known, and  that  plan  was  taught  by 


Pythagoras  more  than  five  hundred  years  before  Christ.  It  must 
have  been  known  to  the  Egyptians  and  Chaldeans  stil!  eorlier,  if 
Pythagoras  really  acqaired  his  knowledge  of  astronomy  from 
them,  as  is  affirmed  by  some  of  the  ancient  writers,  but  on  that 
point  there  is  no  certainly.  In  public  Pythagoras  seemingly  ac- 
cepted the  current  bchcf  of  his  time,  which  made  the  Earth  the 
center  of  the  universe,  bat  to  his  own  chosen  disciples  he  eom- 
municated  the  true  doctrine  that  the  Sun  occupies  the  center  of 
the  solar  system  and  that  the  Earth  is  only  one  of  the  plunets 
revolving  around  it.  Like  all  the  world's  greatest  sages  he  seems 
to  have  taught  only  orally.  A  century  elapsed  Ijeforc  his  doc- 
trines were  reduced  to  writing  by  Fhilolaus  of  Crotona,  and  it 
was  still  later  before  they  were  taught  in  public  for  the  first  time 
by  Hicctas,  or  as  he  is  sometimes  called  Nicetas,  of  Syracuse. 
Then  the  familiar  cry  of  impiety  was  raised  and  the  Pytliagorean 
system  was  eventually  suppressed  by  that  now  called  the  Ptole- 
maic.  which  held  the  field  until  it  was  overthrown  by  Copernicus 
almost  two  thousand  years  later.  Pliny  tells  us  that  Pytha- 
goras •he1ieve<l  the  distances  to  the  Sun  and  Moon  to  be  respec- 
tively 252,000  and  12,r>(X)  stadia,  or,  taking  the  stadium  at  fi25 
feet,  29,S37  and  I  ,+92  English  miles ;  but  there  is  no  record  of  the 
method  by  which  these  numbers  were  ascertained. 

After  the  relative  distances  of  the  vnrioiis  planets  an-  known. 
it  only  remainK  to  determine  the  scale  of  the  system,  for  which 
purpose  the  distance  lietween  any  two  planets  suffices.  We  know 
little  about  the  early  history  of  the  subject,  but  it  is  cleiir  that 
the  primitive  astronomers  must  have  found  the  qu^intitics  to  be 
meflsurcil  too  small  for  detection  with  their  instruments,  and 
even  in  modem  times  the  problem  has  proved  lo  lie  an  extremely 
difficult  one.  Aristarchus  of  Samos,  who  flourished  about  270 
B,  C,  seems  to  have  been  the  first  to  attack  it  in  a  scientific  man- 
ner. Stated  in  modern  language  his  reasoning  wjis  that  when 
the  Moon  is  exactly  half  full  the  Earth  and  Sun,  as  seen  from  its 
centre,  must  make  a  right  angle  with  each  otlier,  and  by  measur- 
ing the  angle  Iwtween  the  Sun  and  Moon,  as  seen  from  the  Earth 
at  that  instant,  all  the  angles  of  the  triangle  joitiing  the  Earth, 
Sun  and  Moon  would  l>ecome  known,  and  thus  the  ratio  of  the 
distance  of  the  Sun  to  the  distance  of  the  Moon  would  he  deter- 
mined.  Although  perfectly  correct  in  theory,  the  difficulty  of  de- 
cidinjf  visually  upon  the  exact  instant  when  the  Moon  is  half  full 
is  so  great  that  it  cannot  be  accurately  done,  even  with  the  most 
powerful  telescopes.  Of  course  Aristarchus  had  uo  telescope,  and 
he  does  not  explain  how  he  effected  the  olwcr^-ation,  but  his  con- 
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elusion  was  that  at  tlic  instant  in  question  the  distance  between ' 
the  centers  of  the  Sun  and  Moon  as  seen  from  the  Hartti.  is  lc*s 
than  a  rijjht  Hn;^le  by  l-30th  part  of  the  same.     We  should  now 
express  this  by  sayingthat  thcangleis  87clcgrees.but  Aristarchnsi 
knew  nothinjj  of  triKonomctry,  and  in  order  to  solve  his  triangle  | 
he  had  recourse  to  an  ingenious,  but  long  and  cumbersome  gca-, 
metrical  process  which  has  come  down  to  ns  anri  nflfords  conclu- 
sire  proof  oi  the  condition  of  Greek  mathematics  at  that  time. 
His  conclusion  was  that  the  Sun  is  nineteen  times  further  from 
the  Harth  than  the  Moon,  and  if  we  combine  that  result  \\\\h  the 
modem  value  of  the  Moon's  parallax,  vix.,  3,422.3S  seconU».  a\-< 
obtain  for  the  solar  parallax  ISO  seconds,  which  is  more   than 
twenty  times  too  great. 

The  only    other  method    of  determining    the   solar    pnrnlljtx 
known  to  the  ancients  was  tbut  devised  In*   Hipparchus  altont 
150  li,  C    It  was  hnsed  on  measuring  the  rate  of  decrease  of  ibc 
diameter  of  the  BarthV  shadow  cone  by  noting  the  duration  ofJ 
lunar  eclijwes,  and  as  the  result  deducetl  from  it  happened  to  be[ 
nearly  the  SHine  as  that  found  by  Aristarchus,  substanllHlly  hiaj 
value  ol  the  parallax  remained  in  vogue  for  nearly  two  thousand 
years,  and  the  cliwrovery  of  the  telescoi>e  was  re<|uired  to  reveal 
its  erroneous  character.    Iioubtiess  this  persistency  was  dpc  to 
the   extreme  minuteness  of  the  true  parallax,   which   we  now 
know  is  far  too  small  co  have  been  visible  ujion  the  aticirnt  in- 
strunients,  and   thus  the  supposed  measures  of  it  were  really 
nothing  but  measures  of  their  inaccuracy. 

The  telescope  was  first  pointed  to  the  heavens  by  Galileo  in 
1609,  but  it  tieeded  a  micrometer  to  convert  it  into  an  accurate' 
measuring  instrument,  and  that  did  not  come  into  l>eing  until 
1639,  when  it  was  iavented  by  William  Gascoignc.  After  hi« 
death,  in  l(i44-.  his  original  instrument  passed  to  Kichnrd  Town- 
Icy,  who  attached  it  to  a  fourteen -foot  telescope  nt  his  residence 
in  Townley,  [-ancasbire,  England,  where  it  was  ustti  by  Flam- 
steed  in  observing  the  diurnal  parallax  of  Mars  tluring  its  oppo- 
sition in  1G72.  A  description  of  Gascoigne's  micn>mcter  was 
published  in  Che  Philosophical  Transactions  in  16B7,  and  a  little 
before  that  ti  similar  instrument  had  been  invente<l  hy  Auzout,  in 
France,  but  observatories  were  fewer  tlien  than  now,  and  so  far 
ns  I  know  J.  D.  Cassini  was  the  only  person  beside  Flamsteed 
who  atlempted  to  determine  the  solar  parallax  from  that  o]>po- 
sicion  of  Mars.  Foreseeing  the  importance  of  the  opportunity,  he 
had  Richer  dispatched  to  Cayenne  some  months  preWously,  and 
when  the  opposition  came  he  effected  two  determinations  of  the 
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parallax:  one  being  by  the  diurnal  method,  from  his  own  obser- 
vations in  faris,  and  the  other  by  the  nieri<iinM  method,  from 
observations  in  IVauce  l)y  himself,  Riimer  and  Picnrd,  combined 
with  those  of  Richer  at  Cnyennc.  This  was  the  transition  from 
the  ancient  instruments  with  oiien  sights  to  telescopes  anncd 
with  micrometeni.  and  the  result  must  have  been  little  short  of 
stunning  to  the  seventeentJi  century  astronomers,  for  it  caused 
the  hoarj-  and  gigantic  parallax  of  about  180  seconds  to  shrink 
incontinently  to  10  seconds,  and  thus  expanded  their  conception 
of  the  solar  system  to  something  hkc  its  true  dimensions.  More 
than  fifty  years  previously  Kepler  had  argued  from  his  ideas  of 
the  celestial  harmonies  that  the  solar  parallax  could  not  exceed 
50  seconds,  and  a  little  later  Horrocks  had  shown  on  more  scien- 
tific grounds  that  it  was  probably  as  small  as  14'  seconds,  but 
the  fmal  deaili  blow  to  the  ancient  values  ranging  as  high  as  two 
or  three  minutes  came  from  these  obser\'ntions  of  Mars  by  Flntn- 
stee<l,  Cassini  ami  Richer. 

or  course  the  results  obtained  in  1672  produced  a  keen  desire 
on  the  part  of  astronomers  for  further  evidence  resjMJcting  the 
true  value  of  the  parallax,  and  as  Mars  comes  into  n  favorable 
position  for  sncli  investigations  only  nt  intervals  of  about  sixteen 
years,  they  had  recourse  to  observations  of  Mercury  and  Venus. 
In  1677  Hallcy  observed  the  diurnal  parallax  of  Mercury,  and 
also  a  lransit,of  that  i>lanet  across  the  Sun's  disk,  at  St.  Helena, 
and  in  1G81  J.  D.  Cassini  and  Picard  observed  Venns  when  she 
was  on  the  same  parallel  with  the  Sun,  bnt  although  the  obser- 
vations of  Venus  gave  better  results  than  those  of  Mercnrj-, 
neither  of  them  was  conchisive.  and  wc  now  know  that  such 
methods  arc  inaccurate  even  with  the  powerful  instruments  of 
the  prcsLMit  day.  Nevertheless  Halley's  attempt  by  means  of  the 
transit  of  Mertnry  tiltiniately  bore  fruit  in  the  shaiw  of  his  cele- 
brated paper  of  1 71  ti.  wherein  he  showed  the  peculiar  advantages 
of  transits  of  Venus  for  determining  the  solar  parallax.  The 
idea  of  utili;nng  such  transits  for  this  purpose  seems  to  have  been 
vaguely  concelx'efl  by  James  Gregory,  or  perhaps  even  by  Hor- 
rocks, but  Hnlley  wns  the  first  to  work  it  out  completely,  and 
long  after  his  death  his  pa|>er  was  mainly  I iistru mental  in  induc- 
ing the  governments  of  Euro[>e  to  undertake  the  observations  of 
the  transits  of  Venus  in  17ill  and  17(10,  from  which  our  first  ac- 
curote  knowledge  of  the  Sun's  distance  was  obtained. 

Those  wli.»  are  not  fjiniiliar  with  ()racticid  astronomy  may 
wonder  why  the  snlnr  parallax  can  lie  got  from  Mars  and  Venus, 
bat  not  from  Mercury  or  the  Sun  itself.     The  explnnation  de- 
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pciids  upon  two  facts.  Firstly,  the  lu'arcst  apiiroacb  of  these 
bodies  to  the  Earth  is  for  Mars  33.87+.Ot)0  miles,  for  \'cnu8  23.. 
654,000  miles,  for  Mcrctrry  4.7.935.000  miles,  and  ;for  the  Sun 
yi, 230,000  miles.  Consc(iiicntl>'i  for  us  Mars  and  Venus  l»ave 
verv  nuich  larger  parallaxes  than  Mercury  or  the  Sun,  and  of 
course  the  larger  the  parallax  the  easier  it  is  to  measure.  Se- 
condly even  the  largest  of  these  parallaxes  must  l>c  determined 
within  far  less  than  onc-tenth  of  a  second  of  the  truth,  and  while 
that  degree  of  accuracy  is  possible  in  measuring  short  arcs,  it  a 
quite  unattainable  in  long  ones.  Ilencc  one  of  the  most  essential 
conditions  for  the  successful  measurement  of  parallaxes  is  that  wc 
shall  be  able  to  compare  the  place  of  the  near  body  with  that  of 
a  more  distant  cue  situated  in  the  same  region  of  the  sky.  In  the 
case  of  Mars  that  can  always  be  done  by  making  use  of  a  iicigh- 
boriiig  star,  but  when  Venus  is  near  the  Earth  she  is  also  bo  clfise 
to  the  Sun  that  stars  arc  not  available,  and  consequently  her  par- 
allax can  be  satisfactorily  measured  only  when  her  |K>sition  can 
be  accurately  referred  to  that  of  the  Sun,  or  in  other  words,  only 
during  her  transits  across  the  Sun's  disc.  But  e^'en  when  the  twu 
bodies  to  be  compared  are  sufficiently  near  each  other,  we  are  still 
cnibarr:isscd  by  the  fact  that  it  is  more  difficult  to  mensure 
the  distance  iKtween  the  limlj  of  a  plnnvt  and  a  star  or  the  limb 
of  the  Snn  than  it  is  to  measure  the  distimcc  betwvtn  twn  stiirv. 
and  since  the  disctivery  of  so  many  asteroids  thatcircpmstance  has 
led  to  their  use  for  the  determination  of  the  solar  parallax.  Some 
of  these  bodies  approach  within  75,230,000  miles  of  the  E^irtfa's 
orbit,  and  as  they  look  precisely  like  stars,  theiitcrrased  accurncy 
of  pDintmg  on  them  fully  makes  up  t\tr  their  greater  distance 
as  compared  with  Mars  or  Veno». 

After  the  Copernican  system  of  the  world  and  tlic  Ncwtoniao 
theory  of  gravitation  were  acceptcti  it  st»on  becnme  evitlcTit  that 
trigunomctricnl  measurements  of  the  solar  piiralhix  might  be 
supplemented  by  determinations  liascil  on  the  theory  ul  gravita- 
tion. an<l  the  first  attempts  in  that  direction  were  made  by 
Machin  in  1729  and  T.  Mayer  in  1753,  The  measurement  of  the 
velocity  of  light  l>etwcen  points  on  the  Harth's  surface,  first  cf- 
fcctetl  by  Fizeau  in  1849,  opened  up  still  other  possibilites,  and 
thus  for  determining  the  solar  parallax  we  have  at  our  command 
no  less  than  three  entirely  distinct  classes  of  methods,  which  arc 
known  respectively  as  the  trigonometrical,  the  gravitational  and 
the  photo-tachymetricfil.  We  have  already  given  a  summary 
sketch  of  the  trigonometrical  methods  as  applied  by  the  ancient 
astronomers  to  the  dichotomy  and  shadow  cone  of  the  Moon, 


and  l>y  ttie  mutlcrns  to  Venus,  Mars  uad  the  asteroids,  and  we 
shall  Dcxt  glnncc  bricHy  at  the  gravitational  and  photo-tachy- 
metrical  methods. 

The  gravitational  results  which  enter  directly  or  indirectly  into 
the  solar  parallax  arc  six  in  number,  to  wit:  first,  the  relatiiMi 
of  the  Moon's  mass  to  tlic  tides;  sceond,  the  relation  of  tUc 
Moon'^niass  and  |»arallax  tu  the  force  of  gravity  at  the  Earth's 
surface;  third,  the  relation  o(  the  solar  paraHax  to  the  masses  of 
the  Earth  and  Moon ;  fourth,  the  relation  uf  the  solar  and  hiniir 
parallaxes  to  the  Mojn's  mass  and  parallactic  inequality;  fifth, 
the  relation  of  the  sohtr  and  lunar  parallaxes  to  the  Moon's  mass 
nnd  the  l^rth's  lunar  inequality;  sixth,  the  relation  of  the  con- 
stants oi  nutation  find  prcci-ssion  to  the  Moon's  pnrallax. 

Rcs]>ecling  the  first  of  these  relations  it  is  to  be  remarked  that 
the  tide  producing  forces  arc  the  attractions  of  the  Sun  und  Moon 
upon  the  waters  of  the  ocean,  and  from  the  ratio  of  these  attrac- 
tions the  Moon's  mnsscan  readily  be  determined.  But  unfortu- 
nately the  ratio  of  the  solar  tides  to  the  lunar  tides  is  aflceieil 
both  by  the  <lepth  uf  the  sea  and  by  the  character  of  the  channels 
through  which  the  water  flows,  and  for  that  reason  the  observed 
ratio  of  these  tiiles  rec|utres  multiplicntton  by  a  correcting  factor 
in  order  to  convert  it  into  the  ratio  of  the  forces.  The  matter  is 
further  complicated  by  this  correcting  factor  varying  from  port 
to  port,  and  in  order  lo  get  satisfactory  results  long  scries  of  ub- 
nervations  are  necessary.  The  labor  of  deriving  the  Moon's  mass 
in  (his  way  was  formerly  so  great  that  for  ntore  than  half  a  cen- 
tury I,a  Place's  determination  from  the  ti(k*s  at  Brest  rciaaiaed 
unique,  but  the  recent  application  of  harmonic  analysis  to  the 
data  supplied  hy  self  registeiing  tide  gauges  is  likely  to  yield 
ahutalaiil  results  in  the  near  future. 

Our  second  gravitational  relation,  viz.,  that  coimreting  the 
Moon's  mnss  and  parallax  wiih  the  force  of  gravity  at  the 
I->rth's  surface,  affords  an  indirect  method  of  determining  the 
Moon's  parallax  with  very  great  accuracy  if  the  computation  is 
carefully  made,  and  with  a  fair  approximiition  to  the  truth  even 
when  the  data  arc  exceedingly  crude.  To  illustrate  this,  let  us 
see  what  ci)uld  be  done  with  a  railroad  transit  such  as  is  com- 
monly use<l  by  surveyors,  a  steel  tape,  and  a  fairly  good  watch. 
Neglecting  small  corrections  due  to  the  flattening  of  the  Karth, 
the  centrifugal  force  at  its  surface,  the  eccentricity  of  its  orbit 
and  the  mass  of  the  Moon;  the  law  of  gravitation  shows  that 
if  we  multiply  together  tlic  length  of  the  seconds  pendulum,  the 
square  of  the  radius  of  the  Karth  and  the  square  of  the  length  of 
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the  sidereal  munth,  divide  the  product  by  Toui'.  and  t»ke  the  culic 
root  of  the  quotient,   the  residt  will  be  the  tlisttince  frtim    the 
Karth  to  the  Moon.    To  find  the  length  of  tlie  seconds  |>eridnlum 
we  would  rate  the  wnlch  by  means  of  the  railroad-transit,  and 
then  making  a  pendulum  out  of  a  sphcncal  leaden   bullet   sus- 
pended by  a  line  thread,  we  wonld  adjust  the  length  of  the  thread 
until  the  pendulum  made  exactly  300  vibrations  in  five  minutes 
by  the  watch.  ""Then,  supposing  the  expcrimcnt.to  be  made  here 
or  in  New  York  City,  we  would  find  that  the  distance  from  the 
point  of  suspension  of  the  thread  to  the  centre  of  the  bullet  was 
about  39%  inches,  and  dividing  that  by  the  number  of  inches  in  a 
mile,  viz.,  03,360.  wc  would  have  for  the  length  of  the  seconds 
pendulum   one  sixteen  hundred  and  twentieth   of  u   mile.     The 
next  step  would  be  to  ascertain  the  radius  of  the  Earth,  and  the 
<iuickest  way  oi  doing  so  wonld  probably  be.  first,  to  determine 
the  latitude  of  some  point  in  New  York  City  by  means  of  the 
railroad  transit;  next  to  run  a  traverse  survey  along  the  old 
post  road  from  New  York  to  Albany,  and  finally  to  determine  the 
latitude  of  some  point  in  Albany.    The  traverse  survey  should 
surely  be  correct  to  one  part  in  three  hundred,  and  as  the  distance 
between   the  two  cities  is  about  two  degrees,  the  difference  of 
latitude  might  be  determined  to  about  the  same  percentage  of 
accuracy.    In  that  way  we  would  find  the  length  of  two  degrees 
of  latitude  to  be  about  138  miles,  whence  the  Harth's  radius: 
would  be  3,953  miles.    It  would  then  only  reinaiu  to  obsei-ve  the 
time  occupied  by  the    Moon  in   making  a    sidereal    revolution 
around  the  Earth,  or,  in  other  words,  the  time  which  she  occu- 
pies in  moving  from  any  given  star  back  to  the  same  star  ngitin. 
By  noting  that  to  within  one  quarter  of  her  own  dinmeter  we 
would  soon  find  that  the  time  of  revolution  is  about  27.32  days, 
and   multiplying  that  by  the  numlier  of  sccond.-s  in  a  day,   via,. 
86,400,   we  would   have  for  the  length   of  the   sidereal   month 
2,360,000    seconds.    With   these  data    the  computation   would 
stand  ns  follows:    The  radius  of  the  l^iirth,  3.053  miles,  multi- 
plied by  the  length  of  a  sidereal  month.  2.360.000  seconds,  and 
the  product  squared  gives  87,060.000.000,000.000.000.     Multi- 
plying that  by  one-fourth  of  the  length  of  the  seconds  pendulum, 
viz.,   «|%4  of  a  mile,  and  extracting  the  cube  rout  of  the   pro- 
dact,   we  would  get  237.700  miles  for   the  distance  from   tJie 
Earth  to  the  Mnon,  which  is  only  about  850  miles  less  thim  the 
truth,  and  certainly  a  rcmarkjible  resuUconsidering  the  crudcness 
of  the  instruments  by  which  it  might  be  obtained.    Nevertheless, 
when  all  the  conditions  are  rigorously  taken  into  account  these 


(Iiita  are  to  bu  regarded  as  determining  the  relation  between  the 
Moon's  mass  antl  parallax,  rather  than  the  parallax  itself. 

Our  third  gravitational  relation,  to  wit;  that  existing  between 
the  solur  parallax,  the  solar  attractive  force  and  the  masses  of 
tlic  l^nrlh  and  Moon,  is  analagous  to  the  relation  exit»ting  bc- 
t»'een  the  Moon's  muss  and  parallax  and  the  I'nrcc  of  grnvitv  at 
tlie  Earth's  surface,  but  it  cannot  be  a]}plied  in  exactly  the  same 
way  on  account  of  our  inability  to  swing  a  pendulum  on  the  Sun. 
We  arc  therefore  comi>cll«l  to  adopt  ttonte  other  method  of  de- 
Cer:niningthe  Sun'sattractive  forcc.and  the  most  available  isthat 
^whicb  consists  in  observing  the  jwrturbative  action  of  the  Earth 
Ind  Moon  upon  our  nearest  planetary  neighbors.  Venus  and 
Mars.  I-rom  this  action  the  law  of  gravitation  enables  us  to  de- 
termine the  nilio  of  the  Sun's  mass  to  the  combined  mnRRcs  qj'thc 
Earth  anil  Moon,  and  then  the  relation  in  question  fiiniislies  a 
means  of  comparing  the  mnsses  so  found  with  trigonometrical 
determiniitinno  of  the  solar  parallax.  Thus  it  ap|Kars  that  not- 
withstan<ling  necessary  rlifferences  in  the  methods  of  procedure, 
the  analogy  iMTt ween  the  second  and  third  gravitational  relations 
holds  not  only  with  respect  to  their  theoretical  basi£,  but  also  in 
their  practical  application,  the  one  being  used  to  determine  the 
relation  between  the  mass  of  the  Moon  and  its  distance  from  tbc 
Earth,  and  the  other  to  dcteruiiae  the  relation  between  the  com- 
bined masses  of  the  Earth  and  Moon  and  their  distance  from  the 
Sun.  « 

Our  fourth  gravitational  relation  deals  with  the  connection  be- 
tween thesolar  parallax,  the  lunar  parallax,  the  Moon's  mass  and 
the  Moon's  parallactic  inequality.  The  important  quantities  arc 
here  the  solar  parallax  and  the  Moon's  parallactic  inequality,  and 
although  the  derivation  of  the  complete  expression  for  the  con- 
nection Iwtween  them  is  a  little  complicated,  there  is  no  difficulty 
in  getting  n  general  notion  of  the  lorces  involved.  As  the  Moon 
moves  around  the  Earth  she  is  alternately  without  and  within 
the  Earth's  orbit.  When  she  is  without,  the  Son's  attraction  on 
her  acts  with  that  of  the  Earth  ;  when  she  is  within,  the  two  at- 
tractions act  in  apposite  directions.  Thus  in  effect  the  centri- 
|)ctal  force  holding  the  Moon  to  the  Earth  is  alternately  in- 
creased and  diminished,  with  the  result  ol  elongating  the  Moon's 
orbit  toward  the  Sun  and  compressing  it  on  the  opposite  si<le. 
As  the  variation  of  the  centripetal  force  ts  not  great,  the  change 
of  form  of  the  orbit  is  small ;  nevertheless,  the  summation  of  the 
minute  alterations  thereby  jjruduced  in  the  Moon's  orbital  ve- 
locity suffices  to  ]>ut  her  sometimes  ahead  and  sometimes  behind 
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her  mean  place  to  an  extent  whtcl;  oscillntes  from  n  maximum 
to  a  minimum,  as  the  Eartli  passes  from  perihelion  to  aplieliuii, 
and  overages  about  125  seconds  of  arc.  This  perturbation  of 
the  Moon  is  known  as  the  paraliactic  inequality,  because  it  de- 
pends on  the  Earth's  distance  from  the  Sun.  and  can  therefore 
he  expressed  in  terms  or  the  solar  parallax.  Conversely,  tbr 
solar  parallax  can  be  deduced  from  the  observed  value  of  the 
parallatic  inequality,  but  unfortunately  there  are  great  prac- 
tical difficnities  in  making  the  requisite  observations  with  a 
sufiiL'icnt  degree  of  accuracy.  Notwithstanding  the  ever  recur- 
ring talk  about  the  advantages  to  be  obtained  by  observing  a 
small,  well-drltned  crater  instead  of  the  Moon's  Hmb,  astronomem 
have  hitherto  found  it  impraclicable  to  use  anything  but  the 
limb^and  the  disadvantage  of  doing  so,  as  compared  with  ob- 
serving a  star,  is  still  further  increased  by  the  circumstance  that 
in  general  <»nly  one  limb  can  be  seen  nt  a  time,  the  other  lieing 
shrouded  in  darkness.  If  both  limbs  could  aUvays  be  observed 
we  should  then  have  a  uniform  system  of  data  for  determin- 
ing the  place  of  the  ecnirc,  but  under  existing  circumstance* 
we  are  compelled  to  make  our  nbservfitiiniK  half  upon  one  limb 
and  half  upon  ihc  Other,  and  thus  tliey  involve  all  the  systematic 
errors  which  may  arise  from  the  conditions  under  which  these 
limbs  arc  observed,  and  all  the  uneeriainty  which  attaches  (o 
irradiation,  ptrrsnual  e()U[ttion  and  our  defective  knowledge  of  the 
Moon's  scmi-diametcr.  ^ 

Our  fifth  gravilational  relation  is  that  which  exists  between 
the  solar  parallax,  the  lunar  parallax,  the  Moon's  mass  and  the 
Karth's  luniir  iiicf[ualicy.  i^L^ictly  speaking  the  Moon  does  nut 
revolve  around  the  Barth's  center,  but  both  bodies  revolvearound 
the  common  center  of  gi'avity  of  the  two.  In  consequence  of  that 
an  irregularity  arises  in  the  Earth's  orbital  velocity  around  the 
Sun,  the  comnion  center  of  gravity  moving  in  accordance  with 
the  laws  of  cllipticmntton,  while  the  Earth,  on  account  of  its  swo- 
lutinn  around  ihnt  center,  undergoes  an  aliernate  acceleration 
and  retardation  which  has  for  its  period  a  lunar  month,  and  is 
called  the  lunar  inequality  of  the  Earth's  motion.  We  perceive 
this  inequality  ns  an  oscillation  suj»er|joscd  on  the  elliptic  motion 
of  the  Sun, and  its  semi-amplitude  is  the  measure  ofthe  angle  sub- 
tended nt  the  Sun  by  the  interval  between  the  center  of  the  Earth 
and  the  common  center  of  gravity  of  the  Earth  and  Moon.  Just 
as  an  astronomer  on  the  Moon  might  use  the  radius  of  her  orbit 
around  the  Earth  as  a  base  for  measuring  her  distance  from  the 
Sun,  so  we  may  use  this  interval  for  the  same  purpose.    We  Bnd 


Us  lengtti  in  milca  from  the  equatorial  semi-diameter  of  tbeEartli. 
the  Moon's  parallax  and  the  Moon's  mass,  and  thus  we  have  all 
the  d;ita  for  determining  the  solar  parallax  from  the  inequality 
in  question.  In  view  of  the  greiit  difficulty  which  has  Ijcen  eit- 
pcrieneed  iu  measuring  the  solar  parallax  itself,  it  may  be  asked 
why  we  should  attempt  to  deal  with  the  parallactic  inequality, 
which  is  about  20  per  cent  smaller?  The  answer  is.  because  the 
latter  is  derived  from  diflercticcs  of  the  Sun's  right  ascension, 
which  are  furnished  by  the  principal  observatories  in  vast  num- 
bers, and  should  give  very  accurate  results  on  account  of  their 
being  made  by  methods  which  insure  freedom  from  constant 
errors.  Nevertheless,  the  Sun  is  not  so  well  adapted  for  precise 
observations  as  the  stars,  and  Dr.  Gill  has  recently  found  that 
bcliometer  measurements  upon  asteroids  which  n^iproach  ver>' 
near  to  the  MarCli  yield  viilties  of  llie  parallactic  inei]ualily  su- 
perior to  those  obtained  from  right  ascensions  of  the  Sun. 

l)ur  sixth  gravitational  relation  is  that  which  exists  Itetween 
the  Moon's  parallax  and  the  constants  of  precession  and  nuta- 
tion. Every  particle  of  the  Earth  is  attracted  both  by  the  Sun 
and  hy  the  Moon,  but  in  consequence  of  the  polar  flattetnng  the 
reiiultant  of  these  attractions  passes  a  little  te  one  side  of  the 
Earth's  center  of  gravity.  Thus  a  couple  is  set  up,  which,  by  its 
action  upon  the  rotating  Ejirth.  causes  the  axis  thereof  to  de- 
scriltc  a  surface  which  may  be  called  a  tlutcd  cone,  with  its  apex 
at  the  Earth's  center.  A  top  spinning  with  its  axis  inclined  de- 
scribes n  similar  cone,  except  that  the  (lutings  are  absent  and  the 
ai>ex  is  at  the  point  upon  which  the  spinning  occurs.  F-or  con- 
venience of  computation  we  resolve  this  action  into  two  com|K>n- 
ents.  and  we  nnnit-  that  which  proilucrs  the  cone  the  Inni-solar 
prccci'sion,  and  that  which  produces  the  ilutings  the  nutation. 
In  this  phenotncnon  the  part  played  by  the  Sun  is  comparatively 
small,  and  by  t-liniinating  it  we  obtain  a  relation  between  the 
luiii-solar  pre(.-ession,  the  nutation  and  the  Moon's  parallax 
which  can  be  used  to  verify  and  correct  the  observed  values  of 
these  ((uantitics. 

In  the  preceding  paragraph  we  have  seen  that  the  relation  be- 
tween the  <|uant)ties  there  considered  deiiends  largely  upon  the 
Battening  of  the  Earth,  and  thus  we  are  lead  to  inquire  how  and 
with  what  degree  of  accuracy  that  is  determined.  There  are  five 
methods,  viz  :  one  geofletic,  one  gravitational,  and  three  nstro- 
nnmical.  The  geodetic  method  depends  upon  measurements  of 
the  leng'th  of  a  degree  mi  various  parts  of  the  Earth's  surface; 
and  with  the  data  hitherto  accuniulate<l  it  has  proved  (|uite  un- 
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satisfactory.  The  gru vita tional  method  ironsists  in  dctcrminins 
the  length  of  the  seconds  pcmlulum  over  as  great  a  range  of  lali- 
«udc  as  possible,  and  deducing  therefrom  the  ratio  of  the  Earth's 
polar  and  equatorial  semi-di:iineters  by  means  of  Clairaut's  the- 
orem. The  iKtidtilum  experiments  show  that  the  Earth's  crust  is 
less  dense  on  nionntain  plateaux  than  at  the  sea  coast,  and  thus 
for  the  first  time  we  are  brought  into  contact  with  geological 
considerations.  The  lirst  astronomical  method  consists  in  ot>- 
serving  the  Moon's  parallax  from  various  points  on  the  tvartli'ti 
surface,  and  as  these  parallaxes  are  nothing  else  than  the  angular 
setni-dianieler  of  tiie  Earth  at  the  respective  points,  as  seen  from 
the  Moon,  they  afford  a  direct  measure  of  the  flattening.  The 
second  and  third  astronomical  meihoils  are  base:I  upou  certain 
perturbations  of  the  Moon  which  de[>end  upon  the  figure  of  the 
Ivarth,  und  should  give  extremely  accurate  results,  but  unfortu- 
nately very  great  difitculties  oppose  themselves  to  the  exnct 
measurement  of  the  jwrturbations.  There  is  also  an  astronomicn- 
geological  method  which  cannot  3'et  be  regarded  as  conclusive  on 
account  of  our  lack  of  knowledge  respecting  the  law  of  density 
which  prevails  in  the  interior  of  the  Earth.  It  is  based  upon  the 
fact  that  a  certain  function  of  the  Earth's  moments  of  inertia 
can  be  determined  from  the  observed  values  of  the  coefficients  of 
precession  and  nutation,  and  could  also  l>e determined  ironi  the 
figure  and  dimensions  of  the  Earth  if  we  knew  the  exact  disLri- 
button  of  matter  in  its  interior.  Our  iiresent  knowledge  on  that 
subject  is  limited  to  a  superficial  layer  not  more  than  ten  miles 
thick,  but  it  is  usual  to  assume  that  the  deeper  matter  is  dis- 
tributed, according  to  La  Orange's  law,  and  then  by  writing  the 
function  in  question  in  a  form  which  leaves  the  flattening  inde- 
terminate, and  equating  the  expression  so  found  to  the  value 
given  by  the  precession  and  nutation,  wc  readily  obtain  the  flat- 
tening. As  yet  these  methods  do  not  give  consistent  results,  ond 
so  long  as  serious  discrepancies  remain  between  them  there  can 
be  no  security  that  we  have  arrived  at  the  tnith. 

It  should  be  reninrked  thai  in  order  to  compute  the  function  of 
the  Earth's  momenta  of  inertia  which  we  havejust  been  consider, 
ing.  we  rei|uirc  not  only  the  figure  and  dimensions  of  the  Earth 
and  the  law  of  diatrihution  of  density  in  its  interior,  but  also 
its  mean  and  surface  densities.  The  experiments  fur  determining 
the  mean  density  have  c(»nsistcd  in  comparing  the  Earth's  at- 
traction \«'itli  the  attraction  cither  of  a  inount.iin,  or  of  a,  known 
thickness  oi  the  Earth's  crust,  or  of  a  known  mass  of  metal.  In 
the  cose  of  mountains  the  comparisons  bave  been  made  with 


plumb  lines  and  pendnlnms;  in  rhe  case  of  known  layera  of  the 
Knrtli's  criisi  tliey  hnvt*  been  nia<1c  by  swinging  pendulums  nt 
tltc  surface  nn<l  ilnwn  in  mines:  find  in  tlic  case  of  known  ninssei) 
of  niL'tJiI  tlicy  linve  been  made  with  torsion  bnlancea,  tine  chemi- 
cal balances  and  pendulums.  The  surface  density  results  from 
a  study  of  the  materials  composing  the  Earth's  crust,  but  not- 
withstiinding  the  apparent  simplicity  of  that  process,  it  is  doubt- 
ful if  we  have  yet  attained  as  accurate  a  residt  as  in  the  case  of 
the  mean  density. 

Before  quitting  this  port  of  our  subject,  it  is  important  to 
point  out  that  the  luni-solar  precession  cannot  be  directly  ol>- 
serveil,  but  must  be  derivetl  from  the  general  precession.  The 
former  of  these  qualities  depends  only  ui>ou  the  action  of  the  Sun 
and  Moon,  while  the  latter  is  nffcc-tcd  in  addition  by  the  action 
of  all  the  planets,  and  to  ascertain  wliat  that  is  we  must  deter- 
mine their  masses.  The  methods  of  doing  so  fall  into  two  irreal 
classes,  according  as  the  planets  dealt  with  have  or  have  not  sat- 
ellites. The  most  favorable  case  is  that  in  which  one  or  more 
satellites  are  present.  Iwcausc  the  moss  of  the  primary  follows 
immediately  from  their  distances  and  rcvnhition  times,  but  even 
then  there  is  a  dilficulty  in  the  way  c»f  obtaining  very  exact  re- 
sults. By  extending  the  olwervationsovcr  sufficiently  longperiods 
the  revolution  times  mny  bt  aseertained  witli  any  desired  degree 
of  accuracy,  but  all  measurements  of  the  distance  of  a  satellite 
from  its  primary  are  affected  by  personal  equation,  which  we 
cannot  be  sure  of  completely  eliminating,  and  thus  a  considerable 
margin  of  uncertainty  is  brought  into  the  masses.  In  the  cases  of 
Mercury  and  Venus,  which  have  no  satellites,  and  to  a  certain 
extent  in  the  case  of  the  Earth  also,  the  only  available  way  of 
ascertaining  the  masses  is  from  the  perturbations  produced  by 
the  action  of  the  various  planets  on  each  other.  These  perturba- 
tions are  of  two  kinds,  periodic  and  stvular.  When  sutTicienC  data 
have  l>een  accumulated  for  the  exact  determination  of  tlw;  secular 
perturbations,  they  will  give  the  best  results,  but  as  yet  it  re- 
mains advantageous  to  employ  the  periodic  )>ei'turbations  also. 

Passing  now  to  the  photo-tachymetrical  methods,  we  have 
first  to  glance  briefly  at  the  mcchanieat  appliances  by  which  the 
tremendous  velocity  of  light  has  been  successfully  measured. 
They  are  of  the  simplest  possible  character,  and  are  based  cither 
upon  a  toothed  wheel,  or  upon  a  revolving  mirror. 

The  toothed-wheel  method  was  first  used  by  Fizeau  in  1819. 
Tounderstand  its  operation, imagine  a  gun  barrel  with  a  toothed 
wheel  revolving  at  right  angles  to  its  muzzle  in  such  a  way  that 
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the  bnrrel  is  nltemately  closed  nnd  opened  as  the  teeth  and  the 
spaces  between  them  pass  before  it.  Then,  with  the  wheel  in 
rapid  motion,  at  the  instant  when  a  space  is  opposite  the  muzzle 
let  a  ball  be  lired.  It  will  pass  out  freely,  and  after  traversing  a 
certain  distance,  let  it  strike  an  elastic  cushion  and  be  reflected 
I)ack  Mpon  its  own  path.  When  it  reaches  the  wheel,  if  it  hits  a 
space  it  will  return  into  the  gun  barrel,  but  it' it  hits  a  tooth  it 
will  be  stopped.  Examining  the  matter  a  little  more  closely  we 
see  that  as  the  boll  requires  a  certain  time  to  go  and  return,  if, 
:luring  that  time  the  wheel  moves  through  an  odd  multiple  of  the 
angle  between  a  space  and  a  tooth  the  ball  will  be  stopped,  while 
if  it  moves  through  an  even  multiple  of  that  angle  the  bail  will 
return  into  the  barrel.  Xow  imagine  the  gun  barrel,  the  ball  and 
the  elastic  cushion  to  be  replaced  rcsjMrctivcly  by  a  telescope,  a 
light  wave  and  a  mirror.  Then  if  the  wheel  move<l  at  such  :i 
speed  that  the  returning  light  wave  struck  against  the  tooth  fol- 
lowing the  space  through  which  it  issued,  to  an  eye  looking  into 
the  telescope  all  would  be  darkness.  If  the  wheel  moved  a  little 
faster  and  the  returning  light  wave  passed  through  the  space  suc- 
ceeding that  through  which  it  issuetl,  the  eye  at  the  telescope 
would  perceive  a  flash  of  light,  and  if  the  speed  was  continuously 
increased  a  continual  succession  of  eclipses  and  illiiminatiotia 
would  follow  each  other  according  as  the  returning  light  wn» 
stopped  against  a  tooth  or  passed  through  a  space  further  and 
further  Tjchind  that  through  which  it  issued.  Tnder  these  condt. 
tions  the  time  occupied  by  the  light  in  traversing  the  space  from 
the  wheel  to  the  mirror  nnd  hack  again  would  evidently  be  the 
same  as  the  time  required  by  the  wheel  to  revolve  through  the 
angle  between  the  space  through  which  the  light  issued  ami  that 
through  which  it  rettimcd,  and  thus  the  velocity  of  light  would 
liecome  known  from  the  distance  between  the  telescoijc  and  the 
min-or,  together  with  the  six-cd  of  the  wheel.  Of  course  Ihc 
longer  the  distance  traversed  and  the  greater  the  velocity  of  the 
wheel  the  more  accurate  would  be  the  result. 

The  revolving  mirror  method  was  first  used  by  I'^oucatiU  in 
1862.  Conceive  the  toothed  wheel  of  Fizeau's  apparatus  to  be 
replaced  by  a  mirror  attached  to  a  vertical  axis  an<!  capable  of 
being  put  into  rapl<l  rotation.  Then  it  will  be  possible  so  to  ar- 
range the  apparatus  that  light  issuing  from  the  telescope  shall 
strike  the  movable  mirror  and  be  reflected  to  the  distant  mirror, 
whence  it  will  be  returned  to  the  movable  mirror  again,  and  toe- 
ing thrown  back  into  the  telescope  will  appear  as  a  star  in  the 
center  of  the  field  of  view.    That  adjustment  being  made,  if  the 


mirror  were  caused  to  revolve  at  a  speed  of  some  handred  turns 
per  second  it  would  move  through  an  appreciable  angle  while  the 
light  was  passing  frtim  it  to  the  ilistant  mirmr  and  back  again, 

)d  in  accordance  with  the  laws  of  reflection,  the  star  in  the  lield 
>f  the  telescope  would  move  Ironi  the  center  h>*  twice  the  angle 
through  which  the  mirror  had  turned.  Thus  the  deviation  of  the 
tftar  from  the  center  of  the  Aeld  would  measure  the  angle  through 
which  the  mirntr  turned  during  the  time  occupied  by  light  in 
passing  twice  over  the  inter\al  between  the  fixed  and  revolving 
mirrors,  and  from  the  magnitude  of  that  angle,  together  with  the 
known  speed  of  the  mirror,  the  velocity  of  the  light  coulrl  he  cal- 
cnlated. 

In  applying  either  of  these  methods  the  resulting  velocity  is 
that  of  light  when  traversing  the  Earth's  atmosphere,  but  what 
we  want  is  its  velocity  in  space,  which  we  suppose  to  be  destitute 
of  ponderable  material,  and  in  ortlcr  to  obtain  that  the  velocity 
in  the  HtmoNphere  must  be  multiplied  by  the  refiractive  index  of 
air.  The  correct  velocity  so  obtained  can  then  be  used  to  find  ihr 
solar  parallax,  either  from  the  time  retiuircd  by  light  to  traverse 
the  semi-diameter  of  the  Harlh's  orbit,  or  from  the  rntio  of  the 
velocity  of  light  to  the  orbital  veltK-ity  of  the  Earth. 

Any  periodic  correction  which  occurs  in  computing  the  place  of 
a  heavenly  body,  or  the  time  of  a  celestial  plienomenun,  is  called 
by  astronomers  an  ctjuation,  and  as  the  time  rctinircd  by  light  to 
traverse  the  seniidianieter  of  the  Earth's  oriitt  first  inrsentcd 
itself  in  the  guise  o(  a  correction  to  the  computed  times  of  the 
ecli|>ses  o(  Jupiter's  satellites,  it  has  received  the  name  of  the 
light  equation.  The  Earth's  orbit  Inring  interior  to  that  ot  Jupi- 
ler.  and  both  having  the  Sun  for  their  centre,  it  is  evident  that 
the  distances  between  the  two  planets  must  vary  from  the  sum 
to  the  difference  of  the  radii  of  their  respective  orbits,  and  the 
time  required  by  light  to  travel  from  one  planet  to  the  other 
must  vary  propurtinnntely.  Consequently,  if  the  observed  times 
of  the  ecli|»scK  of  Jupiter's  satellites  arc  compared  with  the  time!- 
compute<l  upon  ihcasumptiun  that  the  two  planets  are  alwny.'t 
scjjurated  by  their  mean  distancc.it  will  be  found  that  the  eclipsc.i 
occur  too  early  when  the  Earth  is  at  less  than  its  mean  distance 
from  Jupiter,  and  too  late  when  it  is  farther  off,  and  from  large 
numl)crs  of  such  observations  the  value  of  the  light  equation  lias 
been  deduced. 

The  combination  of  the  motion  of  light  through  our  atmo- 
sphere with  the  orbital  motion  of  the  Earth  gives  rise  to  the 
annual  aberration,  all  the  phases  of  which  arc  computed  from  its 
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mnxit^'um   value,  commonly  called  the  constant  of  nherrption- 
There  is  also  a  diurnal  nberrntiun  due  lo  the  rotation   of  the 
Harth  on  its  axis,  but  thnt  is  quite  small  and  does  not  concern  uii 
tliis  evening.    When  aberration  wus  discovereil  the  corjinscular 
theory  of  light  was  in  vogue,  and  it  offered  a  charmingly  Himplc 
explanation  of  the  whole  phenuraenon.    The  hypothetical  light 
corpuscles  impinging  upon  the  Earth  were  thougtit  to  behave  p«e- 
eisely  like  the  drops  iu  a  shower  of  rain,  and  ynu  all  know  that 
tbeir  apparent  direction  is  alTected  by  any  motion  on  the  part  of 
the  ojjserver.    In  a  calm  day,  when  tlie  drops  are  falling  ijeq)«i- 
dicularly.a  man  standing  still  holds  his  umbrella  directly  over  hu 
head,  but  as  soon  us  he  begins  to  move  forward  be  inelinc&  his 
umbrella  in  the  same  direction,  and  the  more  rapidly  he  moves 
the  greater  must  be  its  inclination  in  order  to  meet  the  de^^cending 
shower.    Similarly,   the  apparent  direction  of  on  coming  light 
corpuscles  would  be  affected  by  the  orbital  motion  of  the  Hartb, 
so  that  in  efll-ct  it  would  always  be  the  resultant  arising  from 
combining  the  motion  of  the  light  with  a  motion  equal  and  op- 
posite to  that  of  the  Karth.     But  since  the  falsitj*  of  the  corpus- 
cular theory  has  been  provetl  that  explnnntitm  is  no  longer  ten- 
able,  and  as  yet  we  have  not  Ixrcn  able  to  replace  it  with  any. 
thing  equally  satisfactory  based  on  the  now  universally  accepted 
undulatory   theory,    in  accordance   with  the  latter  theory  wt 
must  conceive  the  HarLh  as  plowing  its  way  through  the  ether, 
and  thcfioint  which  has  hitherto  baflled  us  is  whether  or  not  in 
so  doing  it  produces  any  disturbance  t)f  the  ether  which  aflects 
the  aberration.    In  our  present  ignorance  on  that  point  we  can 
only  say  that  the  aberration  constant  is  certainly  very   nearly 
equal  to  the  ratio  of  the  Karth's  orbital  velocitv  to  the  velocity 
of  light,  but  we  cannot  affirm  that  it  is  rigorously  so. 

The  Unninifcrous  ether  was  invented  lo  account  for  the  phe- 
nomena of  light,  and  for  two  luimlred  years  it  was  not  suspected 
of  having  any  other  function.  The  emission  theory*  postulated 
only  the  corpuscles  which  constitute  light  itself,  but  the  unHuln- 
tory  theory  fdls  all  space  with  an  innx)nderttbte  substance  po». 
scssing  projicrties  even  more  remarltnble  than  those  of  ordinary 
matter,  and  to  some  of  the  acutesl  intellects  the  magnitude  of  thi<4 
idea  has  proved  an  almost  insuperable  objection  against  the 
whole  theory.  So  late  as  1S62  Sir  David  Brewster,  who  had 
gaincfl  a  world  wide  reputation  by  his  optical  researches,  ex- 
pressed himself  as  staggered  by  the  notion  of  filling  all  space  with 
some  substance  merely  to  enable  a  little  twinlcHng  star  to  send 
its  light  to  us;  but  not  long  after  Clerk  Maxwell  removed  that 


rliffieuHy  by  a  discovery  coextensive  with  the  andulatory  theon- 
itseir.  Since  1845,  when  Faraday  first  performefl  his  ceK'lirntecl 
cxpcrinicnt  of  magnetizing  a  ray  of  light,  the  idea  that  electricity 
is  a  phenomenon  of  the  ether  had  been  steadily  growing,  until  at 
Inst  Maxwell  perceived  that  if  such  were  the  fact  the  rate  of  pro- 
pagation of  an  electro-magnetic  wave  must  be  the  same  as  the 
velocity  of  light.  At  that  time  do  one  knew  how  to  generate 
such  waves, but  Maxwell's  theory  showedhim  that  their  velocity 
must  be  equal  to  the  number  of  electric  units  of  (juaTitity  in  the 
electro-magnet  unit,  and  careful  ex|ienments  Boon  proved  that 
that  is  the  velocity  of  light.  Thus  it  was  put  almost  beyond  the 
possibility  of  doubt  that  the  ether  gives  rise  to  the  |)hcnnmena  of 
electricity  and  magnetism  ns  well  as  to  those  of  light,  and  per- 
haps it  may  even  be  concerne<l  in  the  production  of  j;raviiatioii 
itself  AVhat  could  be  apparently  more  remote  thjit  these  electric 
quantities  and  the  solar  parallax?  And  yet  we  have  here  a  rela- 
tion between  them,  but  we  make  no  use  of  it  becJiuse  as  yet  the 
same  relation  can  Iw  far  more  accurately  determined  from  experi- 
ments upon  the  velocity  of  light. 

Now  let  us  recall  the  (piantilics  and  methods  of  ol>scrvntion 
which  wc  have  found  to  be  involved,  cither  directly  or  indirectly, 
wttli  the  solar  parallax,  Tlicyare,  the  solar  parallax,  obtained 
from  transits  of  VcniiSt  oppositions  of  Mars  and  opijositions  of 
certain  asteroids;  the  lunar  paridlax,  found  both  directly  and 
from  measurements  of  the  force  of  gravity  at  the  Earth's  surface; 
the  constants  of  i)recession,  nutation  aiul  alKrration.  obtained 
from  observations  of  the  stars;  the  parallactic  inequality  of  the 
Moon;  the  lunar  ine((ua)ity  of  the  Harth,  usually  obtained  from 
observations  of  the  Sun,  but  recently  found  from  heliomcter  ob- 
servations of  certain  asteroids;  the  mass  of  the  Earth,  found 
from  the  solar  parallax,  and  also  from  the  periodic  and  sccnlar 
perturbations  of  Venus  and  Mars;  the  mass  of  the  Moon,  found 
from  the  lunar  inequality  of  the  Earth,  and  also  from  the  ratio 
of  the  solar  and  lunar  components  of  the  ocean  tides;  the  masses 
of  all  the  planets,  obtained  from  observations  of  their  satellites 
whenever  possible,  and  when  no  satellites  exist,  then  from  obser- 
vations  of  their  mutual  perturbations,  both  periodic  and  secular; 
the  velocity  of  li^ht,  obtained  from  experiments  with  revolving 
mirrors  anil  toothed  wheels,  together  with  laboratory  detcrmm- 
atinns  of  the  index  of  refraction  of  atmospheric  air;  the  light 
equation,  obtained  from  oltscrvatious  of  the  eclipses  of  Juiriter's 
satellites;  the  figure  of  the  Karth,  obtainerl  from  geodetic  trinn- 
gnlations,  measurements  of  the  length  of  the  seconds  pendulum 
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in  various  latitudes,  and  observations  of  certain  perturbations 
of  the  Moon;  the  mean  density  of  the  Earth,  tihttiined  from 
measurements  uf  the  attractions  of  moontniiis,  from  pendulum 
experiments  in  mines,  and  from  experiments  on  the  attraetion  of 
known  masses  of  matter  made  cither  with  torsion  balances  or 
with  the  most  delicate  chcmic.nl  balances;  the  surfoee  density  of 
the  Hurth,  obtained  from  ^jeolo^cal  examinations  of  the  surface 
strata;  and  lastly,  the  law  of  distribution  of  density  in  the  in- 
terior of  the  Rarth,  which  in  the  present  state  of  geological 
knowledge  we  can  do  little  more  than  guess  at. 

Here  then  we  have  a  large  group  of  astronomical,  geodetic,  ge- 
ological nnd  ])hysical  i|uanlities  which  must  all  be  considered  in 
linding  the  solar  pnrulhix.  nnd  which  nrc  all  so  entangled  with 
each  other  that  no  one  of  them  can  l>c  varied  without  alTccling 
all  the  rest.  It  is  therefore  impossible  to  make  an  accurate  deter- 
mination of  any  one  nf  them  ajiart  from  the  remainder  of  the 
group,  and  thus  we  arc  driven  to  the  conclusion  tliat  they  must 
all  bo  determined  simultaneously.  Such  has  not  been  the  practice 
of  astronomers  in  the  jmst,  but  it  is  the  method  to  which  they 
must  incvitafily  resort  in  the  future.  A  curson.-  glance  at  an  an- 
alogous problem  occuring  in  geodesy  may  be  instructive.  When 
a  country  is  covered  with  a  net  of  triangles  it  is  always  found 
that  the  observed  angles  are  subject  to  n  certain  amount  of  error, 
and  a  century  ago  it  was  the  habit  to  correct  the  angles  in  each 
triangle  without  much  regard  to  tlje  effect  upon  adjacent  tri- 
angles. Consetjuently  the  a<Ijustment  of  the  errors  was  imperfect, 
and  in  computing  the  interval  between  any  two  distant  poinU 
the  result  would  vary  somewhat  with  the  triangles  used  in  the 
computation — that  is,  if  one  computation  was  made  through  a 
chain  of  triangles  running  around  on  the  right  hand  side,  another 
through  a  chain  of  triangles  running  straight  between  the  two 
points,  and  a  third  through  a  chain  of  triangles  running  around 
on  the  left  baud  side,  the  results  were  usually  all  different.  At  that 
time  things  were  less  highly  S[>ccialize<l  than  now, and  allgcodctic 
operations  were  yet  in  the  hands  of  first  rate  astronomers,  wbo- 
sooa  devised  processes  for  overcoming  the  difficulty.  Tliey  im- 
agined every  observed  angle  to  be  subject  to  a  small  correction, 
and  as  these  corrections  were  all  entangled  with  each  other 
through  the  geometrical  conditions  of  the  net,  by  a  most  ingen- 
ious application  of  the  method  of  lea.st  squares  they  detcruiiued 
them  all  simultaneously  in  such  a  way  as  to  satisfy  the  whole  of 
the  geometrical  conditions.  Thus  the  best  possible  adjustment 
was  obtained, and  no  matter  what  triangles  were  used  in  ]>assing 


from  one  point  to  another,  the  result  was  always  the  same.  That 
method  is  now  apph'ed  to  every  im^jortaiit  triangiilation,  and  its 
omission  would  be  regarded  as  proof  of  incompetency  on  the  part 
of  those  in  charge  of  the  work. 

Now  let  ns  compare  tlie  conditions  existing;  r(.-s]K-ct[vely  in  a 
triangiilation  net  and  in  the  ^ou]>  (»f  qtiautitics  for  the  determin- 
ation of  the  solar  parallax.  In  the  net  every  angle  is  subject  to  a 
small  correction,  and  the  whole  system  of  corrections  ranst  be  so 
dctimnined  as  to  make  the  sum  of  their  weighted  sijuares  a  mini- 
mum, and  nt  the  same  time  satisfy  all  the  geometrical  conditions 
of  the  net.  Like  the  triangles,  the  tpiantities  composing  the 
gronp  from  which  the  solnr  parallax  must  lie  t(ctcnnined  are  all 
subject  to  error,  and  therefore  we  must  regard  each  of  them  as 
requiring  a  small  correction,  and  all  these  corrections  ninst  be  so 
dclcrinincd  as  to  make  the  sum  of  their  weighted  s<piarcs  a  mini- 
mum, and  at  the  same  time  satisfy  every  one  of  the  equations  ex- 
pressing the  relations  between  the  varinns  components  of  the 
group. 

Thus  it  appears  that  the  method  required  for  adjusting  the 

rfar  parallax  and  its  related  constants  is  in  nil  respects  the  snmc 
that  which  lias  so  long  been  used  for  ndjusting  systems  of  tri- 
angulation,  and  as  the  latter  method  was  invented  by  astrono- 
mers, it  is  natural  to  inquire  why  they  have  not  applied  it  to  the 
fundamental  problem  of  their  own  science?  The  reasons  are 
various,  but  they  may  all  be  classed  nnder  two  heads.  First,  ati 
inveterate  habit  of  over-estimating  the  accuracy  of  our  own 
work  as  compared  with  that  of  others;  and  second,  the  unfortu- 
nate effect  of  too  much  si>eciiilization. 

The  prevailing  opinion  certainly  is  that  grcnt  advances  have 
recently  been  made  in  astronomy,  and  so  ihey  have  in  the  tictds 
of  spectral  analysis  and  in  the  measurement  of  minute  quantities 
of  radiant  Heat;  but  the  solution  of  the  vast  majority  of  astro- 
nomical problems  de]X'nds  upon  the  exact  measurement  of  angles, 
and  in  that  little  or  no  progress  has  been  made.  Bradley,  with 
his  zenith  sector  a  hundred  and  fifty  years  ago,  and  BesscI  and 
Struvc,  with  their  circles  and  transit  instruments  seventy  years 
ago,  made  observations  not  sensibly  inferior  to  those  of  the  pres- 
ent day,  and  indeed  it  would  have  been  surj^rising  if  they  had 
not  done  so.  The  es&culials  for  accurately  determining  star 
places  are  a  skilled  observer,  a  clock  and  a  transit  circle,  the  lat- 
ter consisting  of  a  telescope,  a  divided  circle  and  four  micrometer 
microscopes.  Surely  no  one  will  claim  that  we  have  to-day  any 
more  skilful  oliservers  than  were  Bessel.  Bradley  and  Struve,  and 
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the  only  wfly  in  which  we  have  improved  apon  the  telescopes 
made  by  DoIIoiitl  one  hundred  and  thiriy  years  ago,  is  by  iiicrca*- 
ing  their  opcrture  and  relatively  diminishing  their  focal  distance. 
The  most  famous  dividinjf  engine  now  in  existence  was  miule  \iy 
the  elder  Rcpsold  seventy-five  years  ago;  but  as  tbe  errors  of 
divided  circles  and  their  micrometer  microscopes  are  always  cntr- 
fully  dcternitncd,  the  accuracy  of  the  measured  angles  is  quite 
indc|»cndcnt  of  any  small  improvement  in  the  accuracy  of  the 
divisions  or  of  the  micrometer  screws.  Only  in  the  matter  of 
clocks  has  there  Ijcen  some  advance,  and  even  that  is  not  very 
great,  On  the  whole,  the  star  places  of  to-day  are  a  little  better 
than  those  of  seventy-five  years  ago,  but  even  yet  there  is  great 
room  for  improvement.  One  of  the  commonest  applications  of 
these  star  places  is  to  the  determination  of  latitude,  but  it  is  very 
doubtful  if  there  is  any  point  on  the  face  of  the  Earth  whose  lati- 
tude is  known  certainly  within  one-tenth  of  a  second. 

Looking  at  the  question  fi-oni  another  point  of  view,  it  is  no- 
torious that  the  contact  observations  of  the  transits  of  Venus  in 
1761  and  1769  were  so  discordant  that  from  the  same  observa- 
tions Kncke  and  E.  J.  Stone  got  resi>cctively  for  the  solar  paral- 
lax 8.59  seconds  and  8.91  seconds.  In  1870  no  one  thought  it 
possible  that  there  could  be  any  difficulty  with  the  contact  obser- 
vations of  the  then  approaching  transits  of  1874-  and  1882,  bat 
we  have  found  from  sad  experience  that  our  vaunted  modem  in- 
struments gave  very  little  better  results  for  the  last  pair  of  tran- 
sits than  our  predecessors  obtained  wlh  much  cruder  appliance*. 
in  1761  and  1769. 

The  theory  of  probability  and  uniform  experience  alike  show 
that  the  limit  of  accuracy  attainable  with  any  instrument  is  soon 
reached;  and  yet  wc  all  know  the  fascination  which  continually 
lures  us  on  in  our  efforts  to  get  better  results  out  of  the  familHar 
tclescopts  and  circles  which  have  constituted  the  standard  equip- 
ment of  observatories  for  nearly  a  century.  l*ossibIy  these  in. 
strumeuts  may  be  capable  of  indicating  somewhat  smaller 
quantities  than  wc  have  hitherto  siicceetled  in  measuring  with 
them,  but  their  limit  cannot  be  far  off.  because  they  already  show 
the  disturbing  effects  of  alight  inequalities  of  teni[>eraturc  and 
other  iincontrolablc  causes.  So  far  as  these  effects  arc  accidental 
they  elemiuate  themselves  from  every  long  series  of  observations, 
but  there  always  remains  a  residuum  of  constant  error,  perhn|» 
quite  unsuspected,  which  gives  us  no  end  of  trouble.  Encke's 
value  of  the  solar  parallax  affords  a  fine  illustration  of  this. 
From  the  transits  of  Venus  in  1761  and  1769  he  found  8.58 


seconds  in  1824,  which  lie  subsecjuctuly  correcletl  to  S.57  seconds, 
and  for  thirty  years  that  vahie  was  universally  acctrptcd.  The 
ftrst  ubjcction  to  it  cnme  from  Hansen  in  1B54,  a  second  followed 
Troni  Le  Verrier  in  1858,  both  based  upon  faclf  connected  with 
the  lunar  theoo'.  and  eventually  it  became  evident  that  MneUe's 
parallax  was  about  one-quarter  of  a  second  too  small. 

Now  please  observe  that  Enckc's  value  was  obtained  trigon- 
owetrically.  and  it&  inaccuracy  was  never  su&|Kcted  until  it  was 
revealed  by  gravitational  nictbocU,  which  were  themselves  in 
error  about  oiie-tcuth  of  a  second,  and  required  atib8et)ucnt  cor. 
retlion  in  other  ways.  Here,  then,  was  a  lesson  to  astronomers, 
who  are  all  more  or  less  specialists,  but  it  merely  enforced  the 
jKrfectly  well  known  principle  that  the  coiislant  errors  nf  any 
one  method  are  accidental  errors  with  respect  to  all  other 
methods,  and  therefore  the  rendiest  way  of  eliminating  Uiem  i» 
by  combining  tlie  results  from  as  many  difTcrcnt  methods  ns 
possible.  However,  the  abler  the  spcciaUst  ihc  more  certain  he  is 
to  be  blind  to  nil  methods  but  his  own,  nnd  nstrouoniers  have 
profited  so  little  hy  the  EncUe-Hansen  Le  Verricr  incident  of 
thirty-five  years  n>;o  that  today  they  ore  mostly  dividetl  into 
two  great  parties,  one  of  whom  holds  that  the  iHirallax  can  be 
Inrst  determined  from  a  conibinalion  of  the  ctmstniit  of  alierra- 
tiou  withtlie  velocity  of  light,  and  the  other  believes  only  in  the 
results  of  faeliumeter  measurements  upon  asteroids.  Hy  all 
menns  continue  tlie  heliometer  measurements,  and  do  cveiything 
possible  to  clear  up  the  mystery  which  now  snrrounclK  the  con- 
stant of  aberration,  but  why  ignore  the  work  of  predeccstiore 
wht>  were  C|uite  ns  able  as  oiirBclves?  If  it  were  dciired  to  de- 
termine some  one  angle  of  a  trinngulatioa  net  with  specini  ex- 
actness, what  would  lie  thought  of  a  man  who  attempted  to  do 
so  by  repented  measnrcments  of  the  angle  in  question  while  he 
persistently  neglected  to  adjust  the  net?  Ami  yet,  until  very 
recently,  astronomers  have  been  doing  precisely  that  kind  of 
thing  with  the  solar  ])arallns.  I  do  not  think  there  is  nny  exng- 
gerniion  in  saying  that  the  trustworthy  observations  now  on 
record  for  the  detcrminination  of  the  numerous  quantities  which 
are  functions  of  the  jmrallax  could  not  be  iluplicalcd  by  the  most 
indufitrious  astronomer  working  continuously  for  a  thnnsfind 
years.  How  then  can  we  suppose  that  the  result  properly  de- 
ductble  fnmi  them  can  he  materially  nftectcd  hy  anything  that 
any  of  us  car*  do  in  a  life  linie,  unless  we  are  fortunate  enough  to. 
invent  methods  of  measurement  vastly  superior  to  any  hitherto 
tro'agined?    Probably  the  existing  observations  for  the  detenntn- 


ntion  of  most  of  these  quantities  are  as  exact  as  any  that  can 
ever  he  made  with  our  present  instruments,  and  if  they  were  freed 
from  constant  errors  they  would  certainly  give  results  rery  near 
the  truth.  To  that  end  we  have  only  to  form  a  system  of  simuK 
taneous  equations  hetwcen  all  the  observed  quantities,  and  then 
deduce  the  most  prohahle  values  of  these  quautittcs  by  the 
method  of  least  stjuares.  Perhaps  some  of  you  may  thfnk  that 
the  value  so  obtained  for  the  solar  parallax  would  de[>end  largely 
upon  the  relative  weights  assigned  to  the  various  quantities,  but 
such  is  not  the  case.  With  almost  any  possible  system  of  weight* 
the  solar  parallax  will  come  out  very  nearly  8.809"  ±  ().0(>57". 
whence  we  have  for  the  mean  distance  between  the  Earth  and  the 
Sun  92,797,000  miles,  with  a  probable  error  of  only  59.700  mileat; 
and  for  the  diameter  of  the  solar  system,  measured  to  its  outer- 
most  member,  the  planet  Neptune,  5,578,400,000  miles. 


INSTRUMENT  FOR  THE  PHOTOGRAPHY  OF   METEORS   FOR   THE 
YALE  OBSERVATORY. 

W.  L.  KLKIN. 

The  experiments  made  at  this  Observatory  lost  year  seemed  to 
show  that  if  a  sufficiently  large  field  could  be  covered,  it  might  be 
possible  to  secure  quite  a  numlicr  of  meteor  tracks  on  photo- 
graphic plates,  during  the  August  and  Occember  showrrti,  at 
least.  The  incomparably  greater  accuracy,  ns  against  eye  obser- 
vations, with  which  these  tracks  hieate  the  meteor  and  the  radi- 
ant, hns  led  us  to  consider  the  matter  worth  following  up  and 
accordingly  apphcalion  was  mode  to  the  National  Academy  for 
an  appropriation  from  the  I-awrcncc  Smith  fnnd  which  is  to  be 
devoted  to  meteoric  resenrches.  From  the  grant  awarded  us  the 
instrument  represented  in  the  cut  has  liccn  constructed  by  Messrs. 
Warner  and  Swazey.  It  is  a  polar  axis  of  the  •'Biiglish"  form, 
this  seeming  to  be  the  most  convenient  and  the  best  adapted 
mounting  for  carrying  a  number  of  cameras,  and  admitting  of 
long  exposures  without  break.  The  axis  is  of  mbular  form, about 
12  feet  long,  the  ends  being  pivots  working  in  Ijcarings  which  are 
adjustable  on  their  supports.  The  southern  support,  or  base, con- 
tains the  clock-work, the  northern  snpportis  a  column  containing 
the  driving  weights,  the  connection  being  made  bya  cord  passii^g 
nndcr  the  floor.    The  declination  axis  carries  arms  on  either  end 


The  Locm  of  the  Centre  of  Gravity. 


627 


which  serve  as  supports  for  the  cameras.  On  the  cut  six  daminy 
caincras  are  shown ;  it  is  not  likely  for  the  present,  however,  that 
we  shall  use  more  ihnn  four.  Cradnaicd  circles  and  slow-motions 
for  both  coordinates  are  provided,  and  the  clock-work  has  an 
electric  control.  The  ap]>aratiis  is  nowniounted  here,  and  will  lie 
tried  on  the  Perseids  this  year. 
Yale  Lfm^'ERSiTY  Ohservatory. 


THE  LOCUS  OF  THE  CENTRE  OP  GRAVITY  FOR  A  HOMOGENEOUS 
ELLIPSOID  OF  REVOLUTION.* 


T.  J.  J.  SBB 


Herschel's  "(Outlines  of  Astronomy"  and  Airy"s  "Gravitation" 
have  rendered  a  valuable  service  ti>  science  by  furnishing  the  gen- 
eral reader,  the  student,  the  teacher,  and  even  the  theoretical 
a»:tronomer.  with  a  continuous  representation  of  gra^-italional 
phenomena.  The  questions  geometrically  investigated  by  au- 
thorities like  Newton.  Hersehel  and  Airy  include  the  perturba- 
tions of  the  orbital  motions  of  the  heavenly  bodies,  and  of  their 
rotations  about  their  centres  of  inertia;  and  Airy  has  even  treate<l 
in  a  very  elementary  manner  the  attraction  of  an  oblate  planet. 
As  the  advantages  of  introducing  geometrical  representation  into 
gravitational  astronomy  are  so  considerable  that  the  procedure 
has  been  adopted  by  leading  authorities  in  Celestial  Mechanics, 
the  writer  is  led  to  l>elieve  that  a  geometrical  treatment  of  the 
attraction  of  a  homogeneous  ellipsoid  of  revolution  will  not  be 
without  interest. 

It  is  to  be  understood  here  that  the  centre  of  inertia  (or  centre 
of  mass)  is  a  perfectly  definite  point,  dejiending  only  upon  the 
relative  positions  of  the  particles  composing  the  body,  and  is 
fixed  so  long  as  the  particles  are  relatively  fixetl.  But  the  centre 
of  gravity,  being  the  point  at  which  the  whole  nmss  might  lie 
collected  and  the  attraction  on  agivcn  point  would  lie  unchanged, 
is  not  fixed  in  the  attracting  mass,  but  depends  upon  the  position 
of  the  attracted  point  relative  to  the  attracting  mass. 

In  case  of  symmetrical  masses,  the  centre  of  inertia  nud  the 
centre  of  gravitj'  will  occasionally  coincide,  but  in  general  the 
centre  of  gravity  will  not  be  in  the  same  direction  as  the  cciitrc  of 
inertia,  nornt  the  same  distance. 
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As  a  concrete  example,  we  may  consider  the  attraction  of  au 
oblate  plaiict:  the  body  will  rotate  about  its  centre  of  iocrtia,  or 
centre  of  figure  { wheu  homogeneous),  but  the  force  of  gravity  is 
normal  to  the  surface  of  etjuilibriutn,  and  therefore  doeK  not  gen- 
erally pass  through  the  centre  of  figure,  or  centre  of  inertia. 

It  is  well  known  from  the  theory  of  the  figures  of  the  ploiielfi 
that  oblatcncss  rcndcre  the  attraction  in  the  direction  of  the  pole 
less  than  if  the  whole  mass  were  collected  at  the  centre  of  figure, 
while  the  attraction  in  the  direction  of  the  equator  is  rendercl 
correspondingly  fjreater;  and  from  this  it  follows  that  at  sonic 
intervening  latitude  the  attraction  must  be  of  the  same  intensity 
as  if  the  whole  mass  were  collected  at  the  centre.  For  a  horaoge- 
neous  clli|)Soid  of  revolution  differing  but  little  from  a  sphere 
this  latitude  is  found  to  be 

i>  =36"  15' 52" 

(See  Laplace's  Xiccaniqac  Celeste,  Torac  H,  p.  110,  or  Tisscrand's 
.\Iccfinit/ut'  Cvk'ste,  Tunic  II.  p.  G6).  But  we  observe  that  as  the 
attraction  is  always  normal  to  the  surface  uf  ec|uiltbrium  it  isnnt 
directed  toward  the  centre  cif  the  cUipsuid,  hut  tn  the  L.'iiigent 
to  the  evolute.  As  the  body  is  supposed  to  be  an  ellipsoid  of  rev- 
olution, we  need  regard  only  a  section  of  the  meridian,  which  will 
be  an  ellipse  whose  equation  is 

a'  ^  6«      ^' 

where  a  is  the  semi  major  and  h  the  senn-niinor  axis  of  the  ellifv- 
soid.  U  we  introduce  X  =  tan  rp,  where  tf  !s  the  angle  of  the  ec- 
centricity determined  by  c=  sin  qt,  we  may  write  the  equation 
for  the  elliiKe  in  the  form 


The  evolute  of  the  ellipse  is  given  by  the  equation 


(1) 


(2> 


where 


^  _  a'  -  y.    B_a'-6'. 


(Sec  Salmon's  Conic  Sections,  5tli  edition,  p.  220). 

By  means  of  this  equation  we  may  draw  the  curve  for  an  el 
lipsc  of  any  given  eccentricity. 

If  now  we  put  0*  for  the  density  of  the  ellipsoid.  A  =  tan  ^,  and 


P  =  4jra- 


(\  —  arc  tan  A), 


<3) 


then,  it  is  shown  in  Tisserand's  Mecaaiguc  Celeste,  Tonic  H.  p. 
88,  that  the  attraction  at  any  point  on  the  surface  of  the  ellip- 
soid is  given  by  the  equation 


g  = 


(4) 


where  **  is  the  pcr|>eu(]icuhir  tlistance  from  the  centre  of  the  ellip- 
soid to  the  plane  tangent  to  the  ellipsoid  at  Ibe  given  point. 
It  is  easily  sliown  that  d  is  given  by  the  cijuation 


d  = 


b' 


yi^f 


(6) 


TTTW 


Now  by  Cfjuation  (3)  we  sec  that  P  is  constant,  and  of  course  b 
is  constant;  therefore  by  (t)  we  learn  Ibal  the  force  of  gravity  in 
different  latitudes  varies  inversely  as  the  perpendicular  distance  <S 
from  the  centre  lotlie  tangent  plane;  and  hence  it  is  evident  that 
the  attraction  in  the  direction  of  the  pole  will  be  greater  than 
that  in  the  direction  of  llice<|uator. 

This  result  seems  inconsistent  with  that  previously  stated,  vir.: 
The  attraction  lu  the  direction  of  the  pule  is  less  than  if  the  whole 
mass  were  collected  at  the  centre  of  the  figure,  while  in  the  dirvc- 
lion  of  the  equator  it  is  greater. 

The  apparent  discordance  is  due  to  the  increase  of  distance  at 
the  equator  due  to  oblatencss,  vvliich  makes  the  centre  ot'ffravity 
there  more  remote  from  the  surface  than  it  is  at  the  pt>Ie,nolwith- 
Atanding  the  fact  that  at  the  equator  the  centre  of  gravity  is  (as 
we  shall  sec  hereafter)  between  the  centre  of  figure  and  the  sur- 
face, while  at  the  pole  it  is  beyond  the  centre  of  figure. 

\Vc  shall  now  deduce  the  locus  of  the  center  of  gravity  as  the  at- 
tracted point  moves  along  the  surface  from  the  pole  to  the  equa- 
tor. 

In  the  first  place  we  know  the  centre  of  gravity  will  be  on  the 
normals  nt  the  different  pointft  of  the  cpiadrant. 

As  a  grnphical  illustrntion  is  desired,  we  chose  an  ellipsoid  ot" 
considerable  oblateue»s,  so  that  the  evolntc  and  Incus  may  be  suf- 
ficiently large  when  drawD  to  scale.  We  take  the  obluteness  as 
0.1,  which  ab(>nt  corresponds  to  the  plnnet  Sjtturn,  and  then  the 
eccentricity  e  =  0.430;  with  a  semi-major  axis  of  convenient 
length  (lOioclies)  we  draw  an  ellipse  which  will  represent  a  mc- 
ridiaual  section  of  the  ellipsnid. 
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I)}'  means  of  equation  (1)  wc  compute  the  values  of  n  corrc^ 
ponding  to  convenient  arguments  of  5;  and  with  these  value* 
of  the  co-ordinate  >>  and  ^,  wc  compute  the  cvolute  by  mcari» 
of  equation  (2).  and  plat  it  to  scale.  The  normals  at  the  diflcreiit 
points  of  the  quadrant  are  then  drawn  tangent  to  the  evolute. 

It  remains  to  compute  S  from  equation  (5),  and  thus  wc  obtain 
tabular  members  which  arc  inversely  proportional  to  the  attrac- 
tion at  the  diflferent  points. 

Now  ^=  ~g~- 

and  we  leam  from  the  theory  of  the  attraction  of  an  ellipsoid 
(Tisscrand's  Mecaniifue  Celeste,  Tome  H,  p.  66)  that  in  latitude 

i:  =  35"^  15'  52". 

P6»*     M 

where  M  is  the  mass  of  a  splierc  having  the  same  volume  unJ 
density,  and  r,,  its  radius.  Since  (S,  and  r,.  are  both  ])er]MfnilifuUir 
to  the  tangent  plane,  and  therefore  pnrallel.and  r,  is  also  sens^ilily 
equal  to  the  distance  of  the  attracted  point  from  the  centre  of  the 
ellipsoid  (Tisserand's  Xfecanique  Celeste,  Tome  II,  p.  66;  quanti- 
ties of  the  order  \'  are  here  iicijlected);  it  follows  that  r,  and  (5,  are 
sensibly  equal. 

Kow  we  may  take  the  overage  force  of  gravity  (</■  =  35^  15' 
52")  as  the  unit,  and  then 

_  P6»  _  M       , 

Since  J  is  at  this  particular  point  sensibly  equal  to  r,  wc  may 
imite 


M      Pb'        ^        M       , 


6,^       rf. 


Pfe" 


and  hence 


(s,)=^  =  £*'«^'^*'  =  ^' 


but  since  rf,  =  1,  we  have  r  =  \'tf,  where  6  is  expressed  in  terms  oi 
r,  or  ^,.  as  the  unit.  TImt  is,  the  distance  of  the  centre  of  grn%'ity 
from  the  surface  along  the  normals  is  equal  to  the  square  root  of 
S  expi'csse<l  in  terms  of  the  mean  rndius  r,  as  the  unit.  In  case  o( 
the  ellipsoid  illustrated  in  the  figure,  a  =  10.  and  r,  =  9.6349 ; 
the  numerical  values  of  r  found  from  r  —  \6,  must  therefore  be 
multiplied  by  9.G54-9  =  r,  ir  order  lo  reduce  tbcm  to  the  scale 


a  =  10.  Tlic  quadrant  of  the  ellipse  shown  in  the  figure  ib  re- 
duced by  the  factor  I,  so  that  it  is  od  a  smaller  scale  than  the 
other  curves. 

When  the  value*  of  r  have  been  found,  wc  plat  the  resulting 
points  along  the  nortn«Is  and  obtain  the  looped  curve  indicated 
in  the  figure.  The  course  of  the  curve  in  the  other  thixc  (jiuid- 
rants  is  similar,  and  we  find  for  the  entire  locus  the  bcaudful 
curve  with  four  loops. 

It  will  t>eseen  that  the  curve  is  very  symnietricnl  and  regular, 
hut  of  a  iwculiar  shape.  Now  as  the  point  moves  from  the  pole 
to  the  equator,  the  centre  of  gravity  moves  along  the  curve  1,  2, 
3.  4.  5.  6.  7- 

Thns  we  sec  that  fur  points  near  the  pole  {where  f  >  35°  15' 
52"),  the  centre  of  gravity  is  remoter  than  the  centre  of  figure, 
and  therefore  the  attraction  is  less  than  if  the  mass  were  col- 
lectc<l  at  the  centre  of  figure;  for  points  near  the  equator  (where 
i'  <  3Jj"^  15'  o2")  the  centre  of  gravity  is  nearer  than  the  centre  of 
figure,  and  hence  the  attraction  is  greater  than  if  the  whole  rna-is 
were  collected  at  that  point.  The  distance  of  the  points  on  the 
surfiKC  from  the  centre  of  the  ellipsoid,  when  measured  on  the 
normals,  gives  the  (Pointed  line,  which  is  seen  to  approach  the 
locus  at  the  point  most  remote  from  the  centre,  which  corres- 
ponds to  t  =  3F»'^  15'  52".  The  distance  of  the  iiointcd  line  from 
the  locus  measured  along  the  normals,  repixsents  the  amount  by 
which  the  centre  of  gravity  is  nearer  or  remoter  (relative  to 
point*  on  the  surfiiccj  than  the  centre  of  figure. 

By  this  simple  geonicLrical  device  wc  are  enabled  to  study  the 
law  of  attraction  ol  a  homogeneous  ellipsoid  or  planet,  and  it 
only  remnins  to  fnU\  that  the  locus  of  the  centre  of  gravity  for 
the  planet's  Hur/hce  will-be  the  surfucc  resulting  from  the  revolu- 
tion of  the  curve  here  drawn  around  the  axis  of  revolution  of 
the  ellipsoid. 

Tliis  doubly-iulersecting  surface  is  rather  complex;  and  we 
easily  sec  that  its  complication  is  due  to  the  fact  that  the  locus  of 
the  centre  of  gravity  is  a  function  of  the  surface  of  the  ellipsoid, 
which  in  turn  depeu<ls  upon  the  law  of  gravitation.  Though  we 
have  thus  fur  referred  the  locus  of  the  centre  of  gravity  to  the 
surface  of  the  ellipsoid,  it  is  easy  to  refer  the  curve  to  the  rect- 
angular axes  in  the  rollowing  manner: 

If  (t-  denote  the  angle  made  by  the  normal  with  the  plane  of  the 
equator^and  r  be  the  distance  of  any  point  (-^•,'t)  on  the  surface 
from  the  centre  of  grjivity.  and  f.'  and  '/  denote  the  C0(>rdinatcs 
of  the  centre  of  gravity  i-eferred  to  the  centre  of  the  ellipse;  then 
wc  shall  have 
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»?—';'=  rsin  f:  or  */ =  v— r siu  f  |         {*•) 

The  nn^le  l^  may  lie  roiiiul  by  means  of  its  tangent^  which  iv- 
SD]ts  from  dividiDg  the  ordinate  '/  by  the  subnurmal.    The  sub. 

normal  of  the  ellipse  is ,  5,  (the  negative  sign  may  here  be 

omitted,  as  it  merely  indicates  that  the  Rubnormal  is  to  be  taken 
towards  the  origin),  and  hence  we  have 

Hence  4^  is  at  once  Tound  froni  the  values  of  £  and  ;»;  and  r 
l>cing  found  as  previously  indicated,  we  nt  once  find  the  coBnlin- 
ates  £'  and  tf,  which  give  the  locus  relative  to  the  rectangular 
axes.  Equations  (G)  are  therelorc  of  interest,  even  if  Ihey  do 
not  diminish  the  numerical  wtirk  involved  in  tracing  the  curve. 

By  such  a  figure  we  see  not  merely  the  variation  in  the  directi'ni 
of  gravity,  but  also  its  intensity  relative  to  its  average  value. 
and  hence  it  may  be  hoped  that  some  new  light  is  tlirown  upon 
the  attraction  of  the  |il<-ntets  which  could  not  lie  gathered  from 
purely  analytical  forninlie. 

The  University  of  Chicago.  189t.  Aug.  23. 
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WILLIAM  U.  I>ICKBKL>iG. 

It  is  probable  that  the  astronomer  whose  name  is  most  closely 
linked  with  the  planet  Mars  at  the  present  time  is  Giovanni 
Schiaparelll.  And  yet  although  nearly  everybod}-  has  heard  of 
Schiapnrelli's  canals,  very  few  astronomers  even,  outside  of 
France  nnd  Italy,  had  until  recently  more  than  a  very  vague  no- 
tion what  were  really  his  ideas  in  regard  to  them.  This  is  due 
probably  to  the  fact  that  he  has  written  exclusively  in  Italian,  a 
language  which  very  few  American  astronomers,  and  I  believe 
very  few  English  ones,  understand.  To  this  fact  chiefly  I  think  is 
due  the  great  incredulity  with  which  his  observations  have  licen 
treated,  at  lea?t  until  recently,  in  Ixith  of  these  conatries.  As- 
tronomers could  understand  his  maps,  they  knew  therefore  what 
he  had  done,  but  they  could  not  understand  his  descriptions  of 
his  obsci'vations,  and  so  were  incredulous  regarding  theff  accur- 
*  CummuniciiLr<l  by  the  author. 


acy.  Moreover,  such  a  mass  of  detail  appeared  upon  his  mniM». 
which  had  not  before  Iwen  seen  by  others,  that  it  completely 
innsked  the  more  striking  fcnlurcs  of  the  planet,  thus  rendering 
its  appearance  entirely  different  from  that  which  it  presented  in 
the  telescope  under  ordinary  atmospheric  conditions. 

But  within  the  last  few  years  a  change  has  occurred.  Flnmmnr- 
ion  has  translated  a  targe  part  of  SchiaparcUi's  writings  into 
French,  a  language  with  which  most  English  speaking  astrono- 
mers arc  familiar,  and  moreover  the  canals  have  been  seen  by  a 
number  of  astronomers  whose  descriptions  of  them  in  English 
and  French  could  be  nndcrstood,  and  were  found  to  agree  with 
those  of  Schiaparclli. 
But  errors  are  still  frcqtiently  made  by  people  who  might  be  el- 
ected to  know  better.  Thus,  many  pcop!c  suppose  that  Scbiap- 
irclli  was  the  original  discoverer  of  the  canals,  a  claim  which  he 
never  made  for  himself.  In  point  of  fact  some  of  them  appear 
upon  maps  of  the  planet  published  more  than  fifty  years  ago. 
Tlte  former  English  Jncrcdidity  in  the  matter  seems  tlie  more 
strange,  since  many  of  the  canals  were  seen  by  Dawes  in  18G4, 
and  by  Burton  and  Dreycr  in  1879.  Schiaparclli  however  has 
discovered  far  more  canals  than  anyone  else,  and  he  is  also  the 
discoverer  of  their  gemination. 

In  this  connection,  it  may  be  thnt  n  brief  chronological  state- 
ment of  the  more  important  facts  and  discoveries  relating  to 
Mara  will  not  be  without  interest.  Iti  compiling  it  I  have  been 
chiefly  indebted  tol'lnmmarion*sclassic  work  "T^aPlancte  Mars," 
although  other  sources  have  also  been  consulted. 

272  B.  c.    The  first  known  observation  of  Mars  is  recorded  in 
Ptolemy's  Almagest. 
IGIO.    The  phases  of  Mars  were  discovered  by  Galileo. 
1659.    The  first  sjjctch  showing  surface  detail  was  made  by 
Huyghcns.    He  also  suggested  a  rotation  in  2-1-  hours. 

1666.  Cassint  determined  the  rotation  of  Mars  to  take  place 
in  24  hours  40  minutes.  He  also  observed  the  polar  caps,  and 
•'he  distinguished  on  the  disc  of  Mars,  near  the  terminator,  a 
white  spot  advancing  into  the  dark  portion,  and  representing 
without  doubt,  like  those  of  the  Moon,  a  roughness  or  irregu* 
larity  of  the  surface."  Tliis  latter  statement  is  curious,  but  the 
effect  w-as  un<loubtedly  due  to  irradiation,  since  his  telescope  was 
entirely  inadequate  to  enable  him  to  observe  such  a  delicate  phe- 
nomenon. 

1777.  With  the  exception  of  ITuyghens,  Hookc,  and  possibly 
Maraldi,  no  one  succeeded  tn  making  recognizable  sketches  of  the 
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surface  detail   upon  Mars  for  over  a  ceulury.  until  Sir  William 
Herschel  took  the  uiutter  up  in  tliis  vear. 

1783.  Sir  William  Uerscliel  delected  the  variation  of  tbc  size  of 
ilie  polar  snow  caps  witli  the  seasons,  measured  the  polar  com- 
prcssiou.  and  determined  the  inclination  of  the  :ixis  of  the  plauct 
to  its  orbit. 

1785-1802.  Schrurter  made  an  exleiideil  study  of  the  planet. 
Hisdrawings  are  upon  the  whole  rather  better  than  those  of  Her- 
schel. He  discovered  among  other  things  the  very  dark  spots  on 
which  I  have  referred  in  my  publications  as  the  Northern  and 
Hquatonal  Seas.     He  however  supposed  them  to  be  clouds. 

18-K).  Beer  and  Macdier  published  the  6rst  map  of  the  planet, 
assigning  latitudes  and  longitudei^  to  the  various  mnrlcings.  On 
this  map  are  indicated  the  first  coimls,  ntid  Che  first  of  the  small 
laUes,  so  many  of  which  have  been  discovered  during  the  last  few 
years.  The  canals  are  Nectar  and  Agathodaenion  and  portions 
of  i/ac/es  and  Tartarus.  The  lake  is  Lacus  Phoentcis.  Their  map 
is  the  first  satisfactory'  representation  of  the  entire  surface  of  the 
planet.  The  only  region  \vhich  previous  observers  had  clearly 
distinguished  was  that  in  the  vicinity  of  the  Syrtis  Major. 

1858.  Seccbt  made  a  cardul  study  of  the  colors  exhibited  bjr 
the  planet. 

1SG2.  Lockyeriaadc  the  first  series  of  really  good  sketches  of 
the  planet,  showing  all  the  cburactertstic  forms  with  which  we 
are  now  so  familiar.  His  drawings,  and  also  those  of  some  of 
the  other  observers,  give  the  first  indications  of  the  appearance 
of  the  central  branch  in  the  Y,  so  called  by  Seccbi. 

18C4.    Dawes  delected  eight  or  ten  of  the  canals. 

18G7.  Huggiiis  detected  lines  due  to  the  presence  of  water  va- 
por in  the  spectrum  of  Mars. 

1867.  I'roctor  determined  the  period  of  rotation  of  Mars 
witliin  U,l  second.  * 

1877.    Hall  discovered  the  two  satellites  of  Mars. 

1877.  Green  made  a  very  excellent  series  of  drawings  of  the 
planet.  su[)crior  to  anything  which  had  preceded  them. 

1877.  Schiaparelli  made  the  first  extensive  triangulation  of  the 
surface  of  the  planet,  and  addeil  very  largely  to  the  number  of 
known  canals. 

1879.  Schiaparelli  detected  the  gemination  oi  NUu8,—i\xc  first 
known  double  canal. 

1882.  Scbiaparelii  discovered  numerous  double  canals,  and  an- 
nounced that  the  appearance  formed  one  of  the  characteritftic  phe^ 
nomena  of  the  planet. 


The  most  reliable  eotifirmatinn  of  this  phenomenon  hitherto  re- 
ported 1ms  come  from  Perrotiii  of  Nice,  ond  A.  Stanley  Williams 
in  England.  If  Schiaparelli's  theory  is  correct,  that  the  duplica- 
tion occurs  rmly  lietween  the  spring  anil  auluntn  equinoxes  of  the 
northern  hemisphere,  the  Inst  opportunity  to  witness  it  was  in 
1890.  and  the  next  will  I>e  in  January  and  February  of  1895.  un- 
less the  planet  proves  to  be  too  remote  nt  that  ireriod, 

Very  few  of  Schiapnrelli's  writings  have  ever  been  translated 
into  l^n^Iish,  and  none  so  far  as  I  know,  hitherto,  without  the  tn> 
tcrveniion  of  some  other  language,  such  as  Cierman  or  French. 
The  following  translation  is  from  "Xatura  cd  .-Vrte"  for  February 
15,  1H93.  It  gives  the  latest  expression  of  his  views  upon  the 
periodical  inunilalions  experienced  by  ilie  planet,  apon  the  nature 
of  the  sens,  the  cjinals,  and  the  geininntioii  of  the  latter. 

LoWEi.L  Onsi'.RVATOKV,  FIngstnff,  Arizona, 
August  25,  1894. 
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OlOVANNt  SCHIAPAKB1.LI. 

*Many  of  llic  first  astronomers  who  studied  Mars  with  the 
telescope,  had  noted  on  the  outline  of  its  disc  two  brilli.'int  white 
spots  of  rouudcii  form  and  of  variable  size.  Ju  process  of  time  it 
was  oliscrved  that  whilst  the  (jrdiunry  spots  upon  Mars  were 
displaced  rapidly  in  consciiueiice  ot  its  dndy  rotation,  changing 
in  H  few  hours  both  their  position  aud  their  perstKCiive,  that  the 
two  white  siKilK  remained  sensibly  motionless  at  their  posts.  It 
was  c< included  rightly  from  this,  that  they  nitist  occupy  the  poles 
of  rotation  of  the  planet,  or  at  least  must  I)c  found  very  near  to 
ihcm.  Consctiucntly  they  were  given  the  name  of  polnr  caps  or 
spots.  And  not  wHthout  reason  is  it  conjectured,  tli<it  these  re- 
present upon  Mars  that  immense  mass  of  finow  and  ice,  which 
still  to-day  prevents  navigators  from  reaching  the  poles  of  the 
Earth.  We  arc  led  to  this  conclusion  not  only  by  the  analogy  of 
aspect  and  of  place,  but  also  by  another  important  ol>3erratioD. 


As  things  stand,  it  is  manifest,  that  if  the  above  mentioned 
white  polar  splits  of  Mars  represent  snow  and  ice,  they  should 
continue  to  decrease  in  size  with  the  approach  of  summer  in  those 
places,  and  increase  during  t-he  winter.  Now  this  very  fact  is  ob- 
served in  the  most  evident  manner.    In  the  second  half  ot  the  year 


1892  tlie  sotUbeni  polar  cap  was  in  full  view;  during  that  inter- 
val, iiiid  esiKxially  iii  the  nioiitlis  of  July  and  August,  its  rnpiil 
diiuiiiutiou  Ironi  week  to  week  was  very  evident,  even  tu  those 
observing  with  common  telescopes.  This  snow,  {for  wc  may  well 
call  it  so.)  which  in  the  l>eginning  reached  us  fur  as  latitude  70', 
and  formed  a  cap  of  over  2U00  kilomelers  {I'JOO  miles)  in  dinme- 
ter,  progressively  diminished,  so  that  two  or  three  months  Inter 
little  more  of  it  remained  than  an  area  of  perhapit  300  kilometers, 
(IHU  mik-s)  at  the  most,  and  still  less  was  seen  later  in  the  last 
Oays  of  1892.  In  these  months  the  southern  hemisphere  of  Mnrs 
had  its  summer;  ibe  summer  solstice  occuring  n|X>ii  OctolHrr  13. 
Correspontlingty  the  mass  of  snow  surrounding  tUc  nortlicni  [xile 
fihould  have  increased;  but  this  fact  was  not  observable,  since 
that  pole  was  situatetl  in  the  hemisphere  of  Mnrs  which  wiis  op- 
posite to  that  facing  the  Earth.  The  melting  of  the  northcni 
snow  was  seen  in  its  turn  in  the  years  1382,  1884  and  1886. 

These  obsen-ations  of  the  alternate  increase  and  decrease  of  the 
|x>lar  snow^s  arc  easily  made,  even  with  telescopes  of  moderate 
power,  but  ihey  become  much  more  interesting  and  instructive 
when  we  can  follow  assiduously  the  changes  in  their  more  minute 
particulars,  using  larger  instruments.  The  snowy  regions  are 
then  seen  to  be  successively  notched  at  their  edges;  black  holbs 
and  huge  fissures  are  formed  in  their  interiors;  great  isolated 
pieces  ninny  miles  in  extent  stand  out  from  the  princi]>al  mass, 
and  dissolving,  disappear  a  little  later.  In  short,  the  same  divis* 
ions  and  movements  of  these  icy  fields  present  themselves  to  us, 
at  a  glance,  that  occur  during  the  summer  of  our  own  arctic  re- 
gions, according  to  the  descriptions  of  explorers. 

The  southern  snow,  however,  presents  this  peculiarity,  that  the 
center  of  its  irregularly  rounded  figure  does  not  coincide  exncth' 
with  the  pole,  but  is  situated  at  another  point,  which  is  nearly 
alwavB  the  same,  and  is  distant  from  the  pole  about  Z-lOO  kilome- 
ters (180  miles)  in  the  direction  of  the  Marc  Ervthraeum. 
From  tbis  we  conclude  that  when  the  area  of  the  snow  is  reduced 
to  its  smallest  extent,  that  the  sonth  pole  of  Mare  is  uncovered; 
and  therefore  perhaps,  the  problem  of  reaching  it  upon  this  planet 
is  easier  than  upon  the  Earth.  The  southern  snow  is  in  the  midst 
of  a  huge  dark  .si>ot,  which  with  its  branches  occupies  nearly  one 
third  of  the  whole  surface  of  Mars,  and  is  supposed  to  represent 
its  principal  ocenn.  Hence  the  analogy  with  our  arctic  and  aot- 
arctic  snows  may  be  said  to  be  complete,  and  csjjecially  so  with 
the  antarctic  one. 
The  mass  of  the  northern  snow-cap  of  Mars  is  on  the  other 


hand  ci-ntered  almost  exnctly  upon  its  pole.  It  is  located  in  a  re- 
gion of  yellow  color,  which  we  are  acciistomw!  to  consider  as 
representing  the  continent  of  the  plnnct.  Krom  this  arises  a  sin- 
gular phenomenon  which  has  no  analogy  npon  the  Karth.  At 
the  melting  of  the  snows,  nccuniulnted  nt  that  jiolc  during  the 
long  night  of  ten  months  and  more,  the  liqnid  ninss  produced  in 
that  operation  is  diflused  around  the  circumference  of  the  snowy 
region,  converting  n  large  zone  of  surrounding  land  into  a  tcni- 
jKjrary  sen,  and  Ailing  all  the  lower  regions.  This  produces  a 
gigantic  inundation,  which  has  led  some  obRervers  to  suppose  the 
exisiencc  of  another  ocean  in  those  ports,  hut  which  docs  not 
really  exist  in  that  place,  nt  least  as  a  permanent  sea.  We  sec 
then,  {the  last  opportunity  was  in  1884.),  the  white  spot  of  the 
snow  surrounded  hy  a  dark  xone,  which  follows  its  perimeter  in 
its  progressive  diminution,  npon  a  circunifcrcncc  ever  more  nnd 
more  narrow.  The  outer  part  of  this  atone  branches  out  into 
dark  lines,  which  occupy  all  the  surmnnding  region,  nnd  seem  to 
be  distribntary  canals,  hy  which  the  liquid  mass  may  return  to 
its  natural  position.  This  produces  in  these  regions  very  ejrtco- 
sive  l.ikcs.  such  as  that  designated  n|H)n  the  map  by  the  name 
of  I^cits  flyperhorciis;  the  neighborhig  interior  sen  called  A/arc 
Acidalium  becomes  more  black,  and  more  conspicuous.  And  it  is 
to  be  rcmcmbcrt'd  as  a  vcr\*  probable  thing,  that  the  flowing  of 
this  melted  snow  is  the  cause  which  determines  prineipaUy  the  hy- 
drographic  state  of  the  planet,  and  the  variations  thnt  are  peri- 
odically observed  in  its  aspect.  Something  similar  would  be  seen 
upon  the  Earth,  if  one  of  our  poles  came  to  Ijc  located  suddenly  in 
the  center  of  Asia  or  of  Africa.  As  things  stand  at  present,  we 
may  find  a  miniature  image  of  these  conditions  in  the  flooding 
that  is  observed  in  our  streams  at  the  melting  of  the  Alpine 
snows. 

Travellers  in  the  arctic  regions  have  frequent  occasion  to  ob- 
serve how  the  slate  of  the  polar  ice  at  the  beginning  of  the  sum- 
mer, and  even  at  the  beginning  of  July  is  always  very  unfavorable 
to  their  progress.  The  best  season  for  exploration  is  in  the 
month  of  August,  and  September  is  the  month  in  which  the  trou- 
ble from  the  ice  is  the  least.  Thus  in  September  our  Alps  are 
usually  more  practicable  than  at  any  other  season.  And  the 
reason  for  it  is  clear,  the  melting  of  the  suow  requires  time,  a 
high  temperature  is  not  suflicient,  it  is  necessary  that  it  should 
continue,  and  its  eflect  will  be  so  much  the  greater,  as  it  is  the 
more  prolonged.  Thus,  if  we  could  slow  down  the  course  of  our 
seasons,  so  that  each  month  should  lust  sixty  days  instead  of 


638 


The  PJaaet  Mara. 


thirty,  in  the  summer  in  such  a  Icnj^theiied  cunilition,  the  iiielting 
of  the  ice  would  progress  much  further,  and  jwrhaps  it  would  not 
be  an  exaggeration  to  suy  that  the  polar  cap  at  the  end  of  the 
warm  season  would  be  entirely  destioyed.  Uut  one  cannot  doubt 
in  any  case,  that  the  fixed  portion  of  such  a  cap  would  be  reduced 
to  much  smaller  size,  than  we  sec  it  to-day.  Now  this  is  exactly 
what  happens  in  Mars.  The  long  year,  nearly  double  our  own. 
permits  the  ice  to  accumulate  during  the  polar  night  at  ten  or 
twelve  months,  so  as  to  descend  in  the  form  of  a  continuous  layer 
as  far  as  parallel  70°,  or  even  further.  Hut  in  the  day  which  fol- 
lows of  twelve  or  ten  months,  the  Sun  has  time  to  melt  all,  or 
nearly  all,  of  the  snow  of  recent  formation,  reducing  it  to  such 
a  small  area,  that  it  seems  to  us  no  mure  than  a  very  white 
point.  And  perhaps  this  snow  is  entirely  destroyed,  but  of  this 
there  is  at  present  no  satisfactory  oljservation. 

Other  white  spots  of  a  transitory  character,  and  of  a  less  regu- 
lar arrangement  are  formed  in  the  southern  hemisphere,  upon  the 
islands  near  the  pole,  and  also  in  the  opposite  hemisphere,  whit- 
ish regions  appear  at  times  surrounding  the  north  pole,  and 
reaching  to  50°  and  55'^  of  latitude.  They  are  perhaps  transitory 
snows,  similar  to  those  which  are  olwerved  in  our  latitudes.  But 
also  in  the  torrid  zone  of  Mars  are  seen  some  very  small  white 
spots  more  or  less  persistent,  amongst  others  one  was  seen  hy 
me  in  three  consecutive  oppositions  (1877-18S2)  at  the  point  in- 
dicated upon  our  chart  by  longitude  268",  and  latitude  16^  north. 
Perhaps  we  may  be  permitted  to  imagine  in  this  place  the  exist* 
ence  of  a  mountain  capable  of  suppfirling  extensive  icc-ficlds- 
The  existence  of  such  n  mouutnin  has  been  supposed  also  liysonie 
recent  observers,  founded  upon  other  facts. 

As  has  been  stated,  the  polar  snows  of  Mars  prove  in  an  in> 
controvertable  manner,  that  this  planet,  like  the  Earth,  ia  sur- 
rounded by  an  atmosphere  capable  of  transporting  vapor  from 
one  place  to  another.  These  snows  arc  in  fact  precipitations  of 
vapor,  condensed  by  the  cold,  and  carried  with  it  successively. 
How  carried  with  it,  if  not  by  atmospheric  movement  ?  The  ex- 
istence of  an  atmosphere  charged  with  vapor  has  twcn  couhrrecd 
also  by  spectroscopic  observations,  principally  those  of  Voge): 
according  to  which  this  atmosphere  must  Ik  of  a  composition 
differing  little  from  our  own,  and  id>ove  all  vcn'  rich  in  aqueous 
vapor.  This  is  a  fact  of  the  highest  importance,  Iwcause  from  it 
wecan  rightl)- affirm  with  much  probability,  that  to  water,  and 
to  uo  other  li(|uid  is  due  the  seas  of  Mai-s  and  its  polar  suttws. 
When  this  conclusion  is  assured  beyond  all  doubt,  another  one 


mny  be  derived  from  it,  of  not  less  importance,— that  the  temper- 
ature of  the  Arenn  cliinnte,  notwitliatnndinj*  the  greater  distance 
of  that  planet  from  the  Sun.  is  of  tlic  same  order  as  the  Icmpcra- 
ture  of  the  teirestrial  one.  Because,  if  it  were  true,  as  has  twcn 
supposed  by  some  investigators,  that  the  tcmpcrattirc  of  Mars 
was  on  the  average  very  low.  (from  50"  to  60'^  below  zero!)  it 
wonhl  not  Iw  possible  for  water  vapor  to  be  an  important  ele- 
ment in  the  atmosphere  of  that  planet,  nor  conid  water  be  an 
important  factor  in  its  physical  changes;  Init  would  give  place  to 
carbonic  acid,  or  to  some  other  liquid  whose  freezing  point  vrfis 
much  lower. 

The  elements  of  the  meteorology  of  Mars  seem  then  to  hare  a 
close  analofcy  to  those  of  the  Earth.  But  there  are  not  lacking, 
as  might  be  expected,  cnnses  of  dissimilarity.  From  circum- 
stances of  the  smallest  moment,  nature  brings  forth  an  infinite 
variety  in  its  operations.  Of  the  greatest  influence  most  be  the 
different  arrangement  of  the  sens  and  the  continents  upon  Mars, 
and  upon  the  Karth,  regarding  which,  a  glance  at  the  map  will 
say  more  than  would  be  possible  in  many  words.  Wc  have  al- 
ready emphasized  the  fact  of  the  extraordinary  periodical  flood, 
which  at  every  revolution  of  Mars  inundates  the  northern  polar 
region  at  the  melting  of  the  snow,  hct  us  now  add  that  this 
inundation  is  spread  out  to  a  great  distance  by  means  of  a  net- 
work of  canals,  perhaps  constituting  the  principal  mechanism  {if 
not  the  only  one)  by  which  water  (and  with  its  organic  life) 
may  be  difl^used  over  the  arid  surface  of  the  planet.  Because  on 
Mars  it  rains  ver^'  rarely,  or  perhaps  even,  it  doc$  not  rain  nt  all. 
And  this  is  the  proof. 

\jct  us  carry  ourselves  in  imagination  into  celestial  ftpacc,  to  a 
point  so  distant  from  the  Earth,  that  we  may  embrace  it  all  at  a 
single  glance.  He  would  be  greatly  in  error,  who  had  expected 
to  see  reproduced  there,  upon  a  great  scale,  the  image  of  our  con- 
tinents with  (.lieir  gulfs  and  islands,  and  with  the  seas  that  sur- 
round them,  which  are  seen  upon  our  artificial  globes.  Then 
without  doubt  the  known  forms,  or  part  of  them,  would  be  seen 
to  appear  under  a  vaporous  veil,  but  a  great  part  (perhaps  one 
bnIO  of  the  surface  would  l>e  renderc<l  invisible,  by  the  immense 
fields  of  cloud,  continually  varying  in  density,  in  form  and  in  ex- 
tent. Such  a  hindrance,  most  frequent  and  continuous  in  the 
polar  regions,  would  still  im]K:de  nearly  half  the  time  the  view 
of  the  tempcriitc  zones,  distributing  itself  in  capricious  and  ever 
varying  configurati<ms.  Tiic  seas  iif  the  torrid  zone  would  be 
seen  to  be  arranged  in  long  parallel  layers,  corresponding  to  the 
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zone  of  eqaatorial  and  troptcnl  calms.  For  an  observer  placed 
npon  the  Moon,  the  study  of  our  geoRraphy  would  nut  be  so 
simple  an  underlaking  as  one  might  at  first  imagine. 

Tlicrc  is  nothing  of  this  sort  in  Mars.  In  evixy  climate,  and 
under  every  zone,  its  atmosphere  is  nearly  perjietually  clear,  and 
sufficiently  transjMirent  to  permit  one  to  recognize  at  any  mo- 
ment whatever,  the  contours  of  the  seas  and  continents,  and 
more  than  that,  even  the  minor  configurations.  Not  indeed  that 
vapora  of  a  certain  degree  of  opacity  are  lacking,  hut  they  tificr 
very  little  impediment  to  the  study  of  the  tO]X)graphy  of  the 
planet.  Here  and  there  we  see  apiiear  from  time  to  time  a  few 
whitish  spots,  changing  their  position  and  their  form,  rarely  ex* 
tending  over  a  very  wide  area.  They  frequent  by  preference  a 
few  regions,  such  as  the  islands  of  the  Mare  Austrnic,  and  on  the 
continents,  the  regions  designated  on  the  map  with  the  names 
of  Elysium  and  Tcmpc.  Their  brilliancy  generally  diminishes  and 
disappears  at  the  meridian  hour  of  the  place,  and  is  reinforced  in 
the  morning  and  evening,  with  very  marked  variations.  It  is 
possible  that  they  may  be  layers  of  cloud,  because  the  upper  por- 
tions of  terrestrial  clouds,  where  they  arc  illuminated  by  the  Sun, 
appear  white.  But  various  observations  lend  us  to  think  that 
we  arc  dealing  rather  with  a  thin  veil  of  fog,  instead  of  a  true 
nimbus  cloud,  carrying  storms  and  rain.  Indeed  it  may  be 
merely  a  temporary  condensation  of  vapor,  under  the  form  of 
dew  or  hoar  frost. 

Accordingly,  as  far  as  we  may  be  permitted  to  argue  from  the 
oljserved  facts,  the  climate  of  Mars  must  resemble  that  of  a  clear 
day  upon  a  high  mountain.  By  day  a  very  strong  solar  radia- 
tion har<ily  mitigated  at  all  by  mist  or  vapor,  by  night  a  copious 
radiation  from  the  soil  towards  celestial  space,  and  because  of 
that  a  very  mai'kcd  refrigeration.  Hence  a  climate  of  extremes, 
and  great  changes  of  temperature  from  day  to  night,  and  from 
one  season  to  another.  And  as  on  the  Kartli  at  altitudes  of 
5.000  and  6,000  meters  {17,000  to  20,000  feet),  the  vapor  of  the 
atmosphere  is  condensed  only  into  the  solid  form,  produdog 
thoKC  whitish  masses  of  sus{>ended  crystals,  which  we  call  cirrus 
clouds,  so  iu  the  atmosphere  of  Mars,  it  would  be  rarely  possible 
(or  would  even  tie  im|Kj}tsible)  to  find  collections  of  cloud  capable 
of  producing  rain  of  any  consetiucnce.  The  variation  of  the 
temperature  from  one  season  to  another  would  lie  notably  in- 
creased by  their  long  duriLtion,  and  tlms  we  can  understand  the 
great  freezing  and  melting  of  the  snow,  which  is  renewed  in  turn 
at  the  |x»les  at  each  complete  revolution  of  the  planet  around  the 
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ELECTRICAL  CONTROL  OF  EQUATORIALS  IN  PHOTCORAPHY. 


W.  C.  ODKLBY, 


In  the  January  nunilicr  of  this  jounuil  appeared  an  article  by 
Trofcssor  W.  H.  I'ickerinif  upon  the  suljjcut  ol'*' Telescope  Mount- 
ings anil  Domes,"  in  which  the  author  calls  attention  to  a 
method  employed  at  Greenwich  (or  correcting  the  rate  of  the 
StandanJ  iMcan  Time  L'I(x:k  in  that  Observatory,  and  suggests 
that  a  somewhat  similar  arrangement  might  be  advantageously 
adopted  for  the  correction  of  driving  clocks  of  cquatortaU  when 
nscd  fur  photographic  work. 

Acting  upon  the  stiggestion  of  Professor  Pickering  the  writer 
during  the  past  winter  has  made  a  number  of  experiments  look- 
ing to  this  end. 

The  clock  placed  under  electric  control  was  une  attached  to  the 
refractor  of  Marietta  College  (Hwervatory,  an  exceptionally  well 
made  Bond  Spring  Governor  by  the  Howards  of  Boston. 

Much  abuse  has  been  heufKd  upon  this  time-honored  fonii  of 
driving-clock  regulation,  but  it  has  always  seemed  to  the  writer 
that  for  accuracy  of  results  and  thorough  reliability  this  gov- 
ernor has  never  been  surpassed. 

In  the  final  trial  of  this  electrical  method  of  control  two  jjcr- 
mnnentbnrmagnets,  three  inches  long,  five  eighths  of  an  inch  wide, 
and  one  quarter  inch  thick  were  attached  vertically  to  opposite 
sides  of  the  pendulum  bob — their  north  and  south  poles  reversed : 
half  an  inch  below  the  lower  end  of  the  permanent  magnets,  two 
clcctro-nmgnets  were  placed  and  so  wound  that  a  eurrent  sent  in 
n  given  dlreetitm  would  render  them  north  nnd  south  seeking 
poles  respectively— Tour  I-eclnnch^  cells  connected  in  scries,  a 
switch  for  reversing  the  battery  cnrrent,  a  pear  push  button  in- 
cluded in  the  circuit,  and  brought  to  theeyc-cnd  of  the  telescope, 
completed  the  arrangement. 

It  was  found  upon  sending  a  current  in  such  a  direction  as  to 
cause  the  electro-magnets  to  assume  unlike  polarity  with  the 
pernmncnt  magnets  above  them,  that  the  clock  would  be  accel- 
erated two  beats,  or  one  second  in  sixty.  A  reverse  current  pro- 
ducing an  opposite  effect, and  causing  the  clock  to  lose  oneseeond 
per  minute.  All  this  can  W  done  easily,  without  jar  or  tremor, 
and  is  completely  under  the  control  of  the  observer. 

Of  course  the  change  of  position  of  the  image  of  an  object  npoii 
the  sensitive  plate  due  to  refraction  in  declination  is  not  affected 
by  this  control,  but  in  case  of  the  smaller  instruments  this  cor- 
rection can  be  applied  by  means  of  the  damp  and  tangent. 


PHOTOGRAPH   OF  SWIPT'S    NEBULA.    IN    MINOCBROS,  N.  O,  C.  7331.' 


B.  B.  RARKARD. 


I  send  for  reproduction  in  Astkonouv  ami  Astro-Physic*  an 
enlaryemcnl  of  my  ptuttog^rapli  of  this  mixlurc  of  nebulosity  and 
stars. 

Tlie  picture  was  made  with  the  G-inch  Willard  lens,  IStM-,  Janu- 
ary ll""  7"  47'"  to  11''  3'"  Htamluid  l^aeific  Time  and -is  t'nlnr>;ed 
2.8  times. 

II  is  a  line  exuaiple  of  the  free  mixture  of  stars  nud  ncbulositv 
to  which  1  have  called  atteution  in  my  paper  on  "Photographic 
Nebulosities  anti  Star  Chisters  Coiinccttii  with  the  Milky  Waj" 
in  AsTRoNouv  asd  Astko-Fhvsics  for  March.  1H94-. 

Though  the  cluster  (G.  C  1420)  is  apparently  involved  bwlily 
in  this  nebula  it  will  bs  readily  seen  that  there  is  no  tendency  of 
the  nebutojtty  lo  coudense  abmit  the  individual  stars.  It  will  Ik 
interesting  lo  coiniiarc  this  picture  with  any  recent  photograph 
of  the  Pleiades,  that  for  instance  of  Dr.  Wilson,  recently  printed 
in  AsTRONouv  and  Astro-Phvsics.  This  will  show  the  strikins; 
contrast  tietween  the  two  classes  of  nebulous  clusters. 

In  the  Pleiades  the  nebulosity  is  strongly  condensed  about  the 
individual  bright  stars,  while  in  the  present  picture  there  ts  no 
such  tendency  to  condensation — the  stars  arc  seemingly  freely 
mixed  with  the  nebulosity.  Of  course  it  is  possible  their  apparent 
intermixture  may  be  due  only  to  projection  of  the  stars  on  the 
nebulosity,  but  this  is  highly  improbable. 

1  send  with  this  also  for  reproduction  my  sketch  of  this  object 

that  appeared  in  A,  N.  Vol.  122.    This  is  to  be  reduced  to  ^,-  its 

size  to  l>e  on  the  same  scale  as  the  photograph.  For  complete- 
ness, 1  will  also  quote  what  I  have  previously  written  about  this 
nebula  in  .Astronomy  and  .Astro-Physics  for  March,  1S94.. 

*'In  v4.  N.  2S>18  I  have  given  an  account,  along  with  n  sketch,  of 
a  large  nebulous  ring  enclosing  the  cluster  G.  C.  14-20,  the  nebula 
itself  l)eing  N.  G.  C.  2237.  The  place  of  G.  C.  1420  for  ISCO.O  is 
a"  23'"  29-  +  5°  2'.5. 

The  nebula  (2237)  was  discovered  by  Swift  verj*  many  5«ara 
ago,  and  was  inde[)endently  found  by  me  in  January,  1883. 

The  sketch  referred  to  was  made  with  the  12-inch  in  1889. 

I  have  recently  (Jan.  9, 1894-,)  secured  a  fine  photograph  of  thiii 
object  with  the  Willard  lens.  As  stated  in  A.  N.  2918,  from  its 
*  Coinrauiiicotcd  hy  tlic  aiitbor. 


rii>Ai 
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(lifTuscd  nature  this  nebulu  is  specially  suited  for  photography. 
This  photogrnph  verifies   the  atatement  most  cmpliaiicnlly  and 

shows  huw  utterly  tnipossiljlc  it  is  to 
'     *•  -j,  adequately  deal  with  such  an  object 

:!jfe  •**  visually. 

ft    '      ■  I    will  tpiotc  from  my  previoas  ar- 

. '  tide  on  this  subject  in  A.  N.  2918,  in 
si>enking  of  its  appearance  with  the 
12-inch  in  1889: 

"What  I  had  seen  previously  and 
what  Swift  had  sketched,  whs  simply 
a  brightish  knot  in  a  vast  ncliulotis 
ring  that  entirely  surrounded  the  clus- 
ri"if>iiffii  \%us  tcr.  Ry  estimation  the  average  outer 
diameter  of  the  ring  is  40'  and  the 
ituier  diameter  20\  The  inside  of 
the  riny  is  npp.trcntly  free  of  nebulosity,  ihc  stars  of  the  cluster 
slitiiiiip  on  a  perfectly  dark  sky.  The  outer  cdyc  of  the  ring  is 
somvwhfttdifTusecl  and  irregular,  some  projections  occurrlitgnear 
the  followlnj;  poriion.  The  inner  edge  is  more  definite  and  espec- 
ially so  following— it  is  less  definite  in  the  preceding  part.  In  the 
north  preceding  section  of  the  ring  are  several  knots,  the  largest 
of  which,  fl.  is  the  one  previously  seen  bv  Swift  and  myself.  I  am 
not  sure  that  there  is  luit  a  very  small  break  in  the  continuity  of 
the  ring  at  the  point  h.  South  following  the  ring  and  close  to  it 
is  the  ncbuluus  section  of  n  large  ellipse  which  seems  to  be  a  por- 
tion of  another  great  ring;  t  am  not  sure  tbiit  this  is  not  con- 
nected with  the  first  by  a  nebulous  strip." 

Comparing  the  pboiograpli  with  my  skctcli.  I  find  my  sketch  is 
correct  so  far  ns  it  goes,  but  with  the  12-int.h  I  had  grns|>cd  only 
the  brighter  details— the  great  mass  of  it  not  being  seen. 

The  photograph  shows  the  nebula  to  be  about  1'  in  iliumcter 
and  very  irregular  in  brtghiness  anil  outline.  It  is  a  mass  of  un- 
equally condensed  nebulosity  involving  tlie  star  cluster  and 
specially  heavy  north  of  the  bright  stars.  The  nebulous  knots  or 
condensations,  shown  in  my  sketch,  are  conspicuous  on  the  pho- 
tographs, as  is  also  the  "nebulous  section  of  a  large  elliiwe," 
which  is  councclcd  with  the  main  maa»— the  foil  extent  of  this 
section  was  shuwu  in  the  ttkelcb. 

The  photograph  shows  thut  there  Is  no  nebulosity— or  if  any 
it  is  very  feeble — iu)mc<Iinlcly  about  most  of  the  bright  stars. 
They  ujipurcntly  shine  in  ii  vacant  space  in  the  south  part  of  ihc 
nebula. 


The  entire  object  seems  to  be  definitely  terroiiinted  and  to  le/ire 
no  suggestion  of  a  greater  extent  being  revealed  through  b  pnv 
lungi<l  exposure. 

One  degree  south  of  the  center  of  the  tiebiiln,  and  free  of  it,  and 
following  abotit  Vi^.  is  a  verj*  thin  nebiiloiisstrip  10' or  12' long 
extending  tiorth  nnd  south  with  n  faint  star  in  its  iiouth  end.  like 
a  slender  comet  with  a  nucleus. 


THE    REGION    OP  LACUS  SOLIS  ON    MARS. 


J.  M.  eCHAB8BRI.B. 


During  some  unusually  Bne  seeing  on  the  morning  of  Sunday 
Sept.  2,  1H:94,  at  2:30  a.  m.,  Locus  Solis  was  verj*  clearly  shown 
to  he  composed  of  three  separate  areas.  Each  area  was  verj* 
dark.  The  two  preceding  areas  are  elongated  in  a  north  and 
south  direction  and  are  enveloped  and  connected  by  a  penumbral 
shade;  the  third  area  (following)  is  round  and  quite  disconnected 
from  the  general  mass.  The  five  very  small  and  black  circubtr 
areas  nearer  to  the  planrt's  ctiuator  (shown  in  the  sketch  in- 
clojwd  within  the  bounding  square)  were  connected  by  an 
intensely  black  and  very  narrow  continuous  line  which  passed 
centrally  through  each  area,  but  did  nut  extend  to  the  familiar 
black  circular  area  from  which  several  so-called  "canals"  radiate 
— only  the  usual  faint  and  diffused  marking  forming  the  continua- 
tion of  the  line. 

In  this  connection  attention  should  be  called  to  the  fact  that 
in  June.  1890,Schinporelli  saw  Locus  Solis  divided  into  two  parts 
the  advancing  area  being  the  smaller  of  the  two.  (See  La 
PlnnStc  \fnrs,  by  Caraillc  Flanimarion,  page  475.) 

Lick  Observatory,  Siept.  3, 1894-. 


Corrections  to  the  N.G.C.  ov  NEnuL^K.    H.  KohoJd. 

It  is  suggested  that  N.G.C  3760,  only  seen  once  by  d'Arrcst. 
and  not  found  again  nor  seen  by  anyone  else,  may  be  affected  by 
an  tTror  of  one  hour  in  R.  A.  and  be  =  3301  =  IL  46.  The 
group  3745,  46,  48,  50,  51.  53,  54,  sliould  nil  be  corrected  by 
4-  T"  32-  and  —  15'.9.  They  were  found  by  Copeland,  with 
Lord  Rosse's  telescope,  but  an  error  was  aftcrwanls  made  in 
identifying  the  comparison  star. — A.  N.  3241. 
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f  BRCIVAL  LOWBLL. 


Piirinp  the  ^wist  three  months  Marshns  been  obaenrcd  hcrcci,'cr\'- 
ni;;lit  with  httt  few  exceptions;  and  although  it  is  still  (Sept. 
loth)  H  month  and  it  half  to  ojtposition  tlie  results  already  ob- 
tained are  very  encnuraRiiig,  amply  eonfiriniog  the  importance 
of  choosing  as  good  air  an  possible  for  an  Obscr^'atory  site. 

In  this  preliminnrj'  account  of  some  of  thcni  I  may  with  a  cer- 
tain propriety  begin,  so  tospenlt,nt  the  Hood,  inasmuch  as  the 
prediction  which  I  veiuiircil  to  make  in  my  last  jiapcr  with  re- 
gard to  the  Martntn  vast  spring  freshet  has  already  been  fulfilled 
_  —although  whether  it  be  a  surface  Ircshct  or  an  aerial  one  still  rc- 
B  mains  in  a  degree  doubtful.  But  the  fact  that  in  the  planet's 
^kapothcm  hemisphere  at  this  season  (from  two  months  after  the 
^p  vernal  equinox  to  the  summer  solstice)  a  wholesale  transference 
B  of  water  takes  place  from  the  pole  to  the  equator,  is  practically 
I  beyond  question.  Whether  what  we  sec  be  the  water  itself  or 
I   only  the  effects  of  it  is  more  uncertain. 

P  On  referring  back  to  my  previous  paper  it  will  be  seen  how 
large  an  area  the  dark  regions  then  oecnpicd  and  how  conspicu- 
ons  by  their  absence  were  those  singular,  tilted  peninsulas  tbat 
arc  so  generally  represented  connecting  the  continents  with  the 
islands  to  the  south.  At  that  time  one  continuous  belt  of  bluish* 
green  stretched  unbroken  from  the  Hour.glassSea  to  the  columns 
of  Hercules  or  rather  to  where  this  pass  should  have  been,  for  it 

■  was  not  visible.  >Jow  the  continuity  is  cut.  Hcspcria  has  reap- 
peared as  willbc  seen  from  oncof  my  drawings  (Plate  XXV,  Fig.  1) 
as  also  in  the  other  plates  by  Professor  Pickering  and  Mr.  Doug- 

tlass  and  it  has  done  this  in  just  the  way  wc  shotdd  expect  it  to 
show  were  it  land  drying  off  by  a  sinking  of  the  general  water 
level.    For  it  will  be  noticed  that  a  strait  still  severs  it  from  the 

I  coast.  Simultaneously,  the  region  formerly  occupied  by  the  polar 
sea  and  the  region  to  the  north  of  it  from  having  been  blue,  has 
now  become  for  the  most  part  fcddtsh  yellow.  That  this  reap- 
pcaranee  of  Hcspcria  and  change  of  color  of  the  regions  farther 
south  IS  not  due  to  increasing  distinctness  of  vision  consequent 
upon  the  nearer  approach  of  the  two  planets  is  evident  at  a 
glance  from  this  drawing  and  the  earlier  one.  Had  Hcspcria 
been  then  of  anything  hke  the  brightness  it  is  now  it  could  not 
have  been  invisible.  Furthermore  Hridania  is  at  present  one  of 
the  brightest  parts  of  the  disk  not  only  as  it  comes  round  into 
*  Commumcatci]  hy  tbc  uullmr. 
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Mars. 


The  secoTid   kind  of  irrcgiilaritics  are   projections 
notches  such   as    arc  visihlc  upon   the  lunar  tcrmtnatt 
that  the  Martian  ones  arc  ranch  less  prowounccd.    They 
bably  due  lu  mountains  which  seem  to  be  of  no  great   hi 
The  rtrst  of  these  was  oljscrved  by  Mr.  Douglass  on  Jnne  31 
An  especially  prominent  one  he  noted  on  August  19th.    tfcj 
sistcd  of  a  projection  flanked  by  a  long  shadow  cutting 
planet  obliquely.    He  measured  the  shadow's  length 
Taking  the  obliquity  into  account  this  seems  to  imply 
the  length  of  whose  projection  would  be  about  .2".    It 
cult  to  say  how  much  of  this  is  due  to  irradiation ;  especialli 
each  observer  differs.    The  best  tests  1  have  been  able  to  i^ 
give  a  probable  average  of  about  five-sevenths  of  a  tenth 
second  of  arc  with  the  power  then  applied,  about  640. 
the  tcrmiual  projection  of  this  range  therefore  .13"  wc 
its  height  about  3,700  feet.    But  the  smallncss  of  the 
measured  and  the  uncertainty  of  the  factor  of  irradiation  j 
the  result  largely  indefinite. 

A  consequence  of  the  sloyQ  on  the  effect  of  these  mountal 
interesting.    For  an  elevation  need  not  appear  as  such.    Vi 
■ftrould  show  as  a  projection  on  the  nether  side  of  the  tcrmiaj 
would  appear  as  a  depression  on  the  hither  one. 

Interesting  plateaus  were  obsen-ed  on  two  occasions  bj 
fcssor  i'ickering,one  of  which  figures  inbis  drawing{r'lnte5 
Fig.  2).  The  other,  a  quite  similar  one,  of  which  after 
I  computed  the  position^  turns  out  to  be  in  an  intcrestia| 
for  it  lies  in  Pha^tontis  not  far  from  the  columns  of 
which  thus  seem  to  have  l>ecn  most  appositely  named, 
plateaus  rise  abruptly,  are  surprisingly  level  on  top,  and  si 
at  about  the  same  height,  a  height  which  from  the  reduced  ifl 
uremcnts  does  not  probably  exceed  2,600  feet. 

On  Mars  the  second  kind  of  itTcgnlarity  is  less  common  1 
the  first  and  the  elevations  indicated  apparently  never  wliai 
should  call  high.  We  may  therefore  conclude  that  the  Muil 
surface  is,  as  compared  with  uur  terrestrial  one,  relatively  Uii 

Certain  whitish  patches  have  been  observed  on  the  planet, 
by  iVofessor  I'ickering  on-August  IG  and  subsetjncntly  sei 
times  by  both  l*rofessor  Pickering,  Mr..  Douglass  and  mj 
Professor  Pickering  calls  them  clouds,  a  nomenclature  in  vi 
I  do  not  wholly  concur.  To  my  eye  appeartlnces  he  thu4 
signates  are  of  two  kinds.  The  one,  certain  whitish, 
patches  not  far  from  the  pole,  may  possibly  becloud; 
taiuly  present  a  peculiar  aspect,  not  like  snow  nor  yet 
finmt.    Nu  motion,  however,  has  l>cen  seen  in  them.    Tl 
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are  mcrtly  certain  bright  spots  on  the  jrcncra!  snrfacc  of  the 
planet.  These  to  me  artr  not  whitish  but  yellowish  and  will  prob- 
ably do  very  well  for  the  more  arid,  dried  np  tops  of  the  land. 
They  likewise  do  not  move,  and  fiirthermore  show  always  the 
same  appearance  day  after  day  as  regnlarly  as  their  regions  conic 
round.  Many  of"  them  were  L-tpudly  conspicuous  at  previous  op- 
positions and  have  been  chronielcd  by  various  observers.  Their 
contours  arc  neither  shifty  nor  indistinct  but  as  shnrp-cut  as 
those  of  any  other  region.  Evlysium,  liridanin  and  the  islands  to 
the  south  of  it,  the  western  jiart  ol  Memnonia  and  the  land  of 
Ophir  are  of  this  category.  Of  these  Hlysium  is  perhaps  the 
most  vivid,  and  Kridauin  the  least  so.  If  conspicuons  aridity  be 
the  cause  of  this  their  brilliancy,  Elyaium  would  seem  nntipod- 
ally  named, 

Most  suggestive  of  all  Martian  phenomena  ore  the  canals. 
Were  they  more  generally  observable,  the  world  would  have 
l>ccii  spared  much  scepticism  and  more  theory.  They  may,  oC 
course,  not  be  nrtificial  but  observations  here  indicate  that  they 
are;  as  will  1  think,  appear  from  the  drawings.  For  it  ts  one 
thing  to  sec  two  or  three  canals  and  quite  another  to  have  the 
planet's  surface  mapped  with  tlicm  upon  a  most  elabornle  sys- 
tem of  triangulation. 

In  the  first  place  they  arc  at  this  season  bliiish-grct-n,  of  the 
same  color  as  the  seas  into  which  the  longer  ones  all  cvcutunlly 
debouch.  In  the  next  place  they  are  almost  without  exception 
geodeticfllly  straight,  supcrnaturally  so,  and  this  in  spite  of  their 
lending  in  every  possible  direction.  Then  they  are  of  apparentlj- 
nearly  uniform  width  throughout  their  length.  What  they  arc  is 
another  matter.  Their  mere  aspect,  however,  is  enough  to  cause 
all  theories  about  glaciattoti  fissures  or  surface  cracks  to  ille  an 
instant  and  natural  death. 

But  it  is  their  singular  arrangement  that  is  most  suggestively 
impressive.  They  have  every  appearance  of  having  been  laid  out 
on  a  definite  and  highly  economic  plau(l'latc  XXV.  I'igs.  2.3,  4.). 
They  cut  up  the  surface  of  the  planet  into  a  net- work  of  triangles 
instantly  suggestive  of  design.  What  is  more  at  each  of  the 
junctions  there  is  apparently  a  dark  spot.  This  feature  seems  to 
be  invariable  as  on  closer  approach,  junction  after  junetion  turns 
out  to  have  one.  The  larger  of  these  appear  on  Schiapitrclli's 
chart  as  lakes.  But  there  would  seem  to  be  a  small  infinity  of 
smallerones.  A  ahortlialfhundrcdof  then]  were  seen  alArequipa 
in  isy2  ;ind  others  have  recently  been  detected  here.  I'or  e.\uuiple 
au  initx>rtant  new  canal,  which  runs  from  the  western  end  of  the 
sea  of  the  Sirens  to  Cerauntus  and  which  in  view  uf  its  point  of 
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departure  I  am  tempted  to  call  the  THyssca,  passes  tlirongh 
of  these  small  dark  spots  on  the  way,  one  at  each  junction.  C 
of  these  was  seen  at  Areqnipu  and  elsewhere  in  18D2;  theot] 
two  are  new — by  which  I  mean  that  they  have  not  been  se 
not  that  they  did  not  exist,  before.  The  region  of  the  Lake  of  1 
Sun  is  especially  tertilc  in  canals.  In  Plate  XXV,  Fig.  •I',  will  be  M 
31  of  them  counting  each  line  between  junctions  as  a  separl 
canal.  Of  these  1"  arc  among  those  in  Seliiaparellt's  ch« 
while  14  are  not.  Of  the  12  lakes  in  the  figure.  5  are  not  do 
on  his  chart.    This  is  not  in  general  due  to  change. 

Changes,  however,  there  apparently  have  been  after  all  d 
count  has  l3ecn  made  for  diBcrcncc  of  observations  and  of  dra 
ing.  First  and  foremost  the  Golden  Chersonese  has  vanish< 
the  land  of  Ophir  now  forms  the  continental  coastline.  Second 
Icaria  has  entirely  altered  in  con towr,  resembling  now  an  open  i 
about  the  Phoenix  lake  for  pivot.  Phietontis  has  shrunk  to  Oj 
third  of  its  former  width— as  represented  in  Schiaparelli's  clut 
Kogphoros  no  longer  enters  Phccnix  lake  at  the  point  0|)poti 
Pyriphlegethon  but  farther  to  the  west.  liut  the  strangest  tra( 
formation  of  all  is  that  of  the  Phasis.  which  has  apparcn 
ligingly  become  two  (not  geminated  in  the  tecluiical  ser 
suit  both  the  old  and  the  new  state  of  things.  There  \s 
canni  running  in  the  same  direction  as  the  old  Phasis  but 
the  southern  end  of  Phajtontis  and  there  is  another  one 
to  the  southern  end  of  Phtetontis,  but  not  in  the  8an)e  di 
as  heretofore.  This  attempt  to  carrj-out  two  apparently! 
ant  ends  by  self-multiplication  is  not  a  common  characters 
inanimate  nature^a  point  worth  consideration. 

To  my  eye  tlie  Araxes  is  perfectly  straight  although 
Professor  Pickering  and  Mr.  Douglass  it  appears  curved, 
owing  to  my  having  observed  pretty  un intermittently  the  rcgi 
about  the  lake  of  the  Sun  at  this  last  presentation  neither  of  tb( 
olwervers  has  yet  had  the  chance  to  sec  the  new  upper  I*ba4 
delwucbing  at  the  southern  end  of  Phfctontis  and  it  is,  perhn 
to  tltis  canal  confused  with  the  Araxes  that  the  observed 
effect  is  due. 

In  an  interesting  drawing  (Plate  XXIV  Fig.  6),  Mr.  Uoi^ 
gives  a  couple  of  canals  cutting  each  other  at  right  augl 
Oenotria  just  as  that  island  l>egan  to  show  ditTcrentiat 
the  dark  area.    This  is  a  second   rectangular  tntitance  of  ctt 
arrangement  for  an  island  loo  small  for  more  geuei'al  su 
sion  ;  Hellas  being  tlie  firet. 

Jnst  as  this  account  leaves  my  hands,  Mr.  Douglass  h 
(Sept.  loth)  Deimos  and  Phobos'  at  elongattOD. 

LoWKLUOltSKRVATORV.  Scpt.  11th. 
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THE  SPECTRUM  OP  a  HBRCULIS.* 


T.  B.  BSMM. 


'he  siK.vtnini  hns  bt*cn  frer|ucnlly  obscrvt'd,  nnd  is  Kivcii  by 
OiintT  iti  liismi'nioir,S>ir/t'S  dtoilcs  ft  spectrvsttetn  troin^inv  chistw, 
as  ihc  wciMul  form  of  a  thml-tyijcst«r.  Sccelii  oliservitl  it  in  iJc- 
tiiil  with  the  follfiwing  irstills  (lliniiingliani :  fial  Ht/irs,  Finst  etli- 
tton,  p.  'i2l}: 

"  MnKiii^cent  columns.  n»  usiiilI;  columnu  nil  resulvetl  into  t1ic 
fitiL'st  liiu*«;  vivjicity  of  li^ht  cxtriionltiiary,  t!intij?li  tlio  stiir  nji- 
pcnrs  scarcely  li  mag.  tn  tlic  mikc<i  eye:  H)th.  Ifith  Inly,  IHiiK 
Mtm.  If.  Sinj^nldi  anrl  inagnirKXtil  object,  nppearing^  tikcn  series 
of  convex  cnliimnft  ilUiininated  by  the  Sun.  The  lines  that  scpn- 
nite  the  columns  nre  profoimdty  black,  nnd  wonderfully  distinct. 
The  greatest  light  appears  towards  one  side  of  the  interval  be- 
tween the  black  lines,  and  there  is  a  gradaiitm  of  shade  as  in 
ciduuins  represented  lu  a  drawing;  measuring  easy;  with  the 
eompouud  S(>ectrf>scopc  mngncsinui  line  determine*!;  sodium 
probable  but  not  certain;  only  feeble  indicatinus  of  decomposi- 
tion with  simplespixlmacope  and  power  +()<i;  but  decided  dect}m- 
posilton  into  ^ne  lines,  with  contpntiiul  spectroscope  and  power 
of  000— CiiC/j/oiys.cte  ,1HU7  June,  1S70:  No  {lecomjxvsition  with 
objective  prism;  tried  cylinrtrieal  lens  with  no  other  result;  im- 
possible to  liclieve  it  a  metallic  spectnim— S«;f/f  Spcttri,  etc., 
Mnnio,  1872.  Duin^r  says  "the  bands  1-10  are  excessively  large 
and  black."  He  also  made  nicasuixs  of  the  bands,  and  a  draw- 
ing of  the  spectrum  is  given.  In  coming  across  the  star  in  l^O-i. 
June  20,  I  was  so  much  struck  by  the  additional  detail  that  I 
miidc  some  notes  on  the  subject.  The  instrument  used  was  ihc 
IT^F^-inch  Calvcr  et|uatorial.  The  spectroscope  consislet^I  of  ri 
compoun^^  prism  li  inches  long  before  the  eyepiece,  without  any 
slit  or  cylindrical  lens.  A  second  prism,  the  length  uf  whlcli  is 
4il)  in.,  was  alBO  used.  The  prisms  can  be  made  lo  slide  away 
from  the  eye  piece,  thus  increasing  the  dispersion.  Towers  of  200 
and  50U  were  used. 

The  fulluwuig  are  my  results: 

1894,  June  2a.  U«nd  4  is  fainter  than  3,  and  H  dcepci  than  7. 
Band  7  is  divided  by  brighter  parts,  not  lines.  Band  U  is  double 
as  in  Mira.    Bund  9  is  triple,  and  the  space  frntu  10  to  9  is  occu- 

*  ComtnunirnUN]  by  tlicaptlior, 
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picil  by  bright  ami  dark  bands.  Band  1  is  divided  into  t[ 
bands  2  and  3  seem  resolved  into  lines.  Band  1  is  dec|>er 
iitid  3.  Star  pule  orange.  The  results  were  so  intcrcsliii] 
mndc  preparations  for  drawing  the  spectrum  at  the  first 
lunity.  I'or  this  purpose  the  position  of  Duntr's  bunds  M 
eiirefully  laid  down  on  pajwr.  On  the  next  night.  June  ;M>, 
companying  drawing  wns  made.  The  following  arc  my  o( 
tions  on  that  night: 

nuiul  1  is  <]ouble;  2  and  3  are  very  dark;  5  is,  I  believe, 
6  and  7  are  separated  by  a  bright  band;  between  o  and  <>' 
are  certainly  two  bright  bunds,  and  probably  more.  Th 
svems  occupieil  with  bright  bands  and  dark  shadings. 
more  refrangible  side  of  7  is  a  faint  dark  line.  Unnd  8  is 
into  two.  The  secontl  band  is  almost  as  strong  as  the  first, 
bright  part  iK'tween  ihc  two  is  not  very  eonspiciious.  At 
there  are  two  brigli  I  parts  and  probably  more.  At  hand 
two  brighi  lUiLitigs  of  about  ei(ual  intensity,  and  the  whnU 
Ix'lween  it  ;ind  lU  seems  full  of  brighi  and  tlnrk  spaces,  proba 
at  least  six.  Iteyond  this  thes|>eetrum  is  not  well  seen  but  so 
tu  he  broken  up  into  numerous  bright  and  dark  hands. 

The  drawing,  although  rough,  will  serve  to  indicate  t| 
eral  ap[K-arance  of  the  spectrum.  The  additional  detail  \vj 
down  by  esiiiiiatiini  ns  1  have  no  apparatus  lor  making  dti 
me.'tsurcments.  It  would,  however,  appear  that  the  spcetrunl 
rt  Herx'ulis  and  probably  of  many  of  the  stare  of  TyiK*  III  is 
more  complex  than  has  been  generally  &up]>osed. 

ToWLAW.  Darlington,  1894,  Aug.  ilh. 


STBLLAR  PHOTOMETRY." 


HBNRV  U.  PARKHt'KST. 


Properly  speaking,  the  art  of  measuring  light  has  no*  been 
covered.    We  cannot  subtract  from  the  given  light  a  dctcnnin 
amount  and  subject  the  rcniiiinder  to  inilepeiident  detennii 
What  is  called  measuring  light  consists  in  either  rcduc 
given  light  in  a  known  proportion,  making  it  apparently 
to  another  standnrtl  light,  or  in  reducing  the  given   Itgl 
known  proportion,  making  it  too  faint  to  be  perceptible^ 
these  methods  arc  subject  to  so  many  disturbing  causes 

'  Ucnd  AC  the  llrooltlyii  Meeting  nf  llir  Aincrkini  AHHOrinliuii  fd 
mrnl  uf  SdctiLT.     Cijiiiiniiiiictilctl  b%-  llitrnutlior. 


is  not  surprising  that  many  astronomers  are  iucliiied  to  ad- 
licre  to  the  ancient  method  of  estimation,  by  following  wbicli 
Argelaudcr  in  the  northern  hemisphere,  Gould  iu  the  south- 
ern hemisphere,  and  SchonlelJ  in  the  intermediate  region,  have 
furnished  us  standard  magnitudes  for  all  the  lucid  stars,  and  all 
the  brigbtei"  telescopic  stars,  of  marvelous  consistency.  A  scries 
of  twenty  standards,  half  a  magnitude  apart,  being  firmly  im- 
pressed upon  the  mind,  the  observer  made  his  comparison  of  each 
star  with  tbccon'csponding  standard,  with  such  interpolation  of 
brightness  as  was  practicable;  and  those  who  use  Ihelr  cata- 
logues have  many  hundreds  of  thousands  of  stars  to  assist  them 
in  adapting  their  own  estimations  to  the  same  system. 

In  a  perfect  pbotomctr}',  each  magnitude  corresponds  to  a 
certain  proportion  of  the  light  of  the  next  brighter  magnitude. 
A  systemin  which  each  magnitude  has  acertain  proportion  of  the 
light  of  the  first  magnitude,  as  in  the  astrometric  scale  of  Sir 
John  Herschel,  or  a  corresiHinding  system  in  which  the  first 
magnitude  should  be  excessively  faint,  and  the  brighter  stars 
represented  by  magnitudes  of  larger  numbers,  vary  t<JO  much 
from  the  received  scnic  and  arc  too  cumbrous  for  practical  use. 
Sensation  varies  in  geometric  projiorton;  and  a  photometric 
scale  founded  upon  geometric  progression  has  many  advantnges. 
One  of  these  is  that  it  reduces  the  form  oi  each  i|uadrant  of 
the  light-curve  of  a  regularly  chungiug  variable,  nearly  to  a  par- 
abolic cur\-e.  But  this  is  a  subsidiary  matter,  the  magnitudes 
accurately  tixcd  in  geometric  progression  being  readily  reduced 
to  light  ratios  of  equal  precision.  So  far  as  precision  is  concerned, 
the  ratio  of  the  magnitude  is  unimportant.  Pogson'sratioof  2^, 
or  more  accurately  the  nuralwr  corresponding  to  the  logarithm 
[0.4000]  has  been  extensively  used  and  is  remarkably  convenient. 
If  a  dilTercnt  ratio  should  be  adopted  by  any  oljscrver,  his  re- 
sults would  only  need  to  be  multiplied  by  a  constant  to  reduce 
them  to  Fogson's  ratio,  adding  another  constant  to  allow 
for  difference  of  standard.  Pogson's  ratio  hns  the  merit  of 
corresponding  well  with  the  scales  or  rather  the  scale  of  Arge- 
Inuder,  Gould  and  Sehonfeld,  down  to  ,the  Sth  magnitude.  Be- 
low this  point  there  is  a  divergence  in  the  estimation  of  difierent 
observers,  increasing  with  fainter  magnitudes,  until  they  are  en- 
tirely discordant.  A  change  of  ratio  wonid  not  remedy  this, 
while  it  would  destroy  the  accordance  with  the  brighter  stars. 

The  fundamental  question  then  is,  Shall  the  photometric  scale 
be  fixed  by  unassisted  estimation,  or  shall  photometric  appara- 
tus be  employed,  to  vary  the  light  of  the  observed  star,  as  a 
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means  of  flssistiDg  and  correcting  the  estimation?  Dr. 
hall,  at  a  meeting  of  this  Section  some  years  ago,  gave  us' 
ccUent  illustration  of  the  advantage  of  correcting  estimat 
even  by  means  crude  in  the  extreme.  One  of  the  earlier  probl^ 
in  geomctrj'  was  the  determination  of  sr,  the  ratio  of  the  cincl 
fcrcncc  to  the  diameter.  It  can  be  seen  at  a  glance  that  tr  n 
be  greater  than  2  and  less  than  4;  but  estimation  would  not 
able  us  to  say  whether  it  is  greater  or  less  than  3;  still 
to  say  how  much  greater  than  3  it  is.  The  estimation  o 
thousand  or  a  million  people,  especially  if  they  attempted 
agree,  would  not  be  materially  better  than  that  of  one.  Dit 
ing  the  sum  of  the  estimations  by  their  number  would  not  Q 
to  increased  accuracy.  But  by  "tossing  a  stick  "over  a gratinj 
method  in  which  each  individual  trial  was  far  less  accurate  tl 
rough  estimation,  every  additional  toss  adds  to  the  acci 
the  determined  ratio.  Tossing  it  several  thousand  time 
taincd  a  good  approximation  to  the  value  of  jt;  and  if  t! 
bad  been  a  mathematical  line,  and  the  grating  of  niathcmat 
lines  accurately  placed,  and  if  a  microscope  had  been  w»e< 
doubtful  cases,  it  is  probable  that  millions  of  trials  would  h 
carried  the  approximation  much  further.  He  carried  it 
enough  to  ascertain  that  he  had  a  personal  bias  in  his  estil 
tions  which  finally  became  appreciable.  Now  in  the  modi 
dlvi<ling  the  photometric  scale  by  unassisted  estimation,  the  ^ 
division  creates  a  personal  bias  in  favor  of  its  repetition.  S 
ing  fixed  upon  n  star  of  the  Ist  magnitude,  and  another  of 
9th,  the  astronomer  desires  to  fix  the  5th  magnitude  midway 
tween  them.  It  would  be  superhuman  to  hit  upon  it  exactly, 
the  first  assumed  5th  magnitude  star  is  too  faint,  the  tendc 
will  be  to  make  the  next  also  too  fniut ;  and  if  there  is  a  pcrsa 
bias  that  way,  the  more  trials  arc  made  the  more  definitely  t 
standard  will  be  settled  at  a  point  fainter  than  it  should  be.  ' 
3d  magnitude  is  estimated  midway  between  the  1st  and  the 
roneous  5th.  Again  an  error  of  bias  is  introduced.  And  s< 
every  other  standard,  there  will  be  a  bias.  Another  astronon 
using  .\rgelander's  stars,  attempts  to  learn  his  scale;  and  cvc 
his  own  bias  should  be  in  the  opposite  direction,  he  would  aS8t 
it  to  be  from  his  lack  of  experience,  and  would  train  his  judgm 
to  adopt  Argelandcr's  scale.  As  a  final  result  the  scale  would 
as  it  undoubtedly  is,  consistent  with  itself,  and  yet  there  might 
a  large  error  in  the  uniformity  of  the  scale.  That  is,  the  rati< 
light  might  be  different  in  different  parts  of  the  scale;  ao( 
would  be  no  means  of  detecting  it. 


Suppose  then  w«  allopt  pbotoraeinc  apparatus  like  tlie  merid- 
ian photometer,  in  which  the  observed  star  is  compared  with  the 
Pole-star,  and  the  instrumetit  give?;  the  proportion  of  the  light  of 
the  two  stars  wlieii  equality  is  apparently  reached.  We  have 
here  room  for  as  much  bias  as  before,  in  each  individual  observa- 
tion, One  observer  may  habitually  make  the  right  hand  star 
the  brighter,  and  another  the  fainter,  in  obtaining  equnHty. 
But  each  individual  would  have  an  average  bias,  which  would 
become  more  and  more  uniform  with  practice:  and  if  the  stars  B, 
C.  D,  E,  &c.,  were  compared  under  precisely  similar  conditions 
with  A.  whatever  bifis  there  might  be  in  the  originalcomparisons, 
that  would  be  eliminated  when  we  compare  the  stars  B,  C,  D,  I£, 
&c.,  with  each  other. 

Sc  in  observing  with  the  deflector,  my  own  jiet  device,  where 
tiie  stars  are  reduced  to  invisibility  with  wnifomi  illumination;  if 
difTcreiit  stars  are  reduced  to  invisibility  under  precisely  similar 
circumstances,  whatever  the  i>oint  of  invisibility  may  be.  and 
however  it  may  vary  between  one  evening  and  another,  tlw 
stars  observed  at  the  same  time  are  free  from  personal  bias,  when 
comparwl  with  each  other. 

Other  modes  of  assisting  the  judgment  in  like  manner,  if  tbcy 
have  no  inherent  defect,  producing  systematic  error,  will  give  re- 
sults continually  approximaliitg  to  perfection.  The  underlying 
fjuestion  is  whether  systematic  errors  are  guarded  against;  for  a 
systematic  error  in  a  photometric  instrument  is  as  liable  to  tni.v 
lead  as  a  bias  in  estimation. 

One  source  of  systematic  error  in  the  use  of  the  early  method 
of  diminishing  apertures,  and  also  in  the  use  of  the  wedge,  is  the 
difference  of  illuniinatioir.  As  I  have  pointed  out,  {N.  C.  O.  Ari' 
itals.  Vol.  XXIX).  a  very  targe  error  results  in  the  method  of  di- 
minishing apertures,  especially  if  a  low  magnifying  power  is 
employed,  from  the  greater  darkness  of  the  field  in  the  extinction 
of  bright  stars.  So  in  the  use  of  the  wctlge^  the  background, 
where  the  bright  stars  are  extinguished,  ts  much  darker  than 
where  the  faint  stars  are  extinguished,  and  this  is  oidy  partially 
compensated  in  determining  the  value  of  the  wedge.  This  par- 
ticular error  does  not  affect  observations  with  the  meridian  pho- 
tometer or  with  the  deflector.  It  has  been  cynically  remarked  of 
the  Harvard  observers,  that  their  apparatus  (lerniitted  an  end- 
less variety  of  errors,  and  that  they  had  utilized  ihem  all.  Per- 
haps the  same  may  be  said  of  my  method.  But  whatever  errors 
there  may  be  in  any  method,  so  long  as  they  are  not  systematic 
errors,  they  will  tend  to  counterbalance  each  other  in  repeated 
observations. 
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In  my  judgment  the  most  important  source  of  error  io'l 
metric  obserralions  is  from  the  irrc^iiularity  of  the  skr" 
individnal  errors  may  lie  very  large,  but  there  is  no  tendci 
systematic  error  from  this  source.  We  have  a  remarkuhlepi 
of  the  existence  of  this  same  error  in  Argelandcr's  estimatifl 
where  whole  zones  were  atl'ected.  Proctor  called  attention, 
the  dark  streaks  following  circles  of  declination,  in  his  project 
of  the  Durelimusterung  stars,  and  remarked  that  it  was  impo 
ble  that  they  should  actually  exist  in  the  heavens.  The  cxpla 
tion  is  easy.  An  average  variation  of  .1  mag.  in  the  stare 
served  in  any  partictilar  7one,  would  cause  so  many  of  the  fain 
stars  to  disappear  as  to  account  for  the  zones  so  conspicua 
Certain  zoneA  were  olwerved  on  one  or  tw^o  evetiings  when 
sky  was  unusually  clear,  and  the  adjoining  zones  on  evenings  w] 
the  sky  was  less  transparent;  the  effect  being  that  those  zones  i 
served  on  the  clearer  nights,  even  if  also  olwerved  once  or 
on  average  nights,  contain  many  more  stars  of  tlie  lowi 
than  the  adjoining  zones.  The  same  cause  of  error  cxistal 
Harvard  photometric  zones.  There  arc  very  many  of  these  at 
which  were  only  observed  twice,  and  if  the  sky  near  the  pole  h 
pencd  to  be  cither  more  or  less  clear  than  in  the  observed  zq 
the  whole  of  the  stars  were  affected  with  the  difference.  I 
satisfied  that  there  is  in  many  places  a  discrepancy  of  half  i 
nitudc  or  more  in  the  mean  scale  of  magnitudes  in  the 
Zone  Cntalogne.  resulting  from  this  cause. 

My  own  observations  have  been  purclj  diffcrciitial. 
parison  stars  being  almost  invariably  so  close  that  no  allo| 
need  to  be  made  for  difference  of  o1>seuration.  But  this 
cnmstance  has  affected  them  to  a  great  extent  with  the  local 
rors  of  the  Harvard  Zones,  from  which  the  standards  were 
There  have  been  two  checks,  I  have  taken  pains, 
where  an  error  was  suspected,  to  compare  with  other  zonei 
away,  so  as  tojdivide  the  error.  And  wherever  groups  of  st 
were  compared  with  asteroids,  those  asteroids  tended  to 
errors  of  standard. 

Another  source  of  local  errors  in  the  Harvard  Zones,  U 
found  in  the  correction  for  atmospheric  obscuration.  In  i 
photometric  observations  of  18G9,  wlien  I  independently  disc 
crcd  the  existence  and  general  law  of  the  atmospheric  ot 
tiOD,  I  ascertained  that  it  varied  on  different  evcniags,  soi 
being  atleast  thi-ee  times  the  average.  In  the  Harvard  Zones? 
atmospheric  obscuration  has  been  assumed  to  be  always  of 
average  value.    Consequently,  on  any  evening  when  it  was  t^ 


its  nverage  value,  the  whole  zone  of  stars  observed  would  have  a 
correction  applied  only  half  as  great  as  was  necessary,  and  the 
whole  zone  of  stars  would  be  affected  with  a  constant  error  equal 
to  tlie  whole  amount  of  the  obscuration  correction  applied. 

A  fruitful  source  of  error  in  observing  with  the  meridian  photo- 
meter has  tieen  the  misidentification  of  stars.  I  hare  found  many 
apparent  instances  of  this  in  the  ordinary  work  of  the  meridian 
photometer,  where  the  estimated  magnitude  of  the  star  was 
known  in  advance  and  used  as  a  guide  to  assist  in  the  identifica- 
tion. Chandler  has  found  that  in  the  observation  of  variable 
stars,  where  the  brightness  of  the  star  was  not  known  in  advance, 
the  errors  which  I  attribute  to  misidentihcation  were  so  great  as 
to  destroy  or  nearly  destroy  the  value  of  the  observations.  It  is 
not  necessary  for  my  purpose  that  I  should  question  this  conclu- 
sion. If  it  is  admitted  ns  well-founded,  it  only  shows  that  in  the 
two  large  catalogues,  one  supplementary  table  occupying  nine 
pages  should  be  discarded.  When  an  error  of  mis  identification 
occurs,  in  observation  ^^•ith  the  meridian  photometer,  it  affects 
only  the  one  star  misidentificd.  The  neighboring  stars  are  abso- 
lutely unaffected.  My  own  olwervations  with  the  deflector  are 
almost  absolutely  free  from  this  danger.  Bach  star  is  identified 
by  the  configuration  of  the  group,  every  time  it  is  measured. 
When  I  observe  a  aeries  of  ten  stars,  obtaining  my  standard  from 
meridian  photometer  stars,  if  there  has  been  an  error  of  a  magni- 
tude from  themisidentificntion  of  one  of  those  stars  used  as  stand- 
ards, my  resulting  standard  will  be  only  .1  mog.  in  error,  the 
misidentificd  star  coming  out  .9  mag.  different  from  thestnndard. 
This  is  n  sufficient  notice  to  reject  that  star  and  avoid  the  whole 
etror,  although  it  is  only  recently  that  1  have  taken  the  responsi- 
bility of  doing  this. 

Since  the  completion  of  my  Catalogue  of  Comparison  Stars,  I 
have  adopted  the  plan  of  using  only  my  own  results  after  having 
obtained  the  general  standard  from  the  averoge  of  a  sufficient 
number  of  meridian  photometer  stars:  so  that  my  new  cata- 
logue now  forming,  is  free  from  the  inflnencc  of  errors  of  misiden- 
tification,  excepting  so  far  ns  they  may  have  affected  the  average 
standard  in  the  neighborhood.  Comparison  of  these  results  in 
my  new  catalogue  with  the  corresponding  magnitudes  in  the 
meridian  photometer  observations,  will  identify  the  stars  which 
have  varied  In  some  of  these  cases  I  have  no  doubt  that  the 
variation  has  been  in  the  stars  themselves:  in  other  cases  there 
may  have  been  misidentification  or  other  error.  In  either  case 
the  stars  are  selected  which  are  doubtful,  and  the  rest  of  the  stars 
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may  be  nccepted  as  reltolile.  It  inny  lie  lliat  some  of  my  o\i 
results  arenffected  witli  error;  I  do  not  clHim  to  he  inralltbte. 
only  claim  that  my  new  resulit;  are  so  far  indq>endent  of  Picki 
iiig's  that  wlienever  they  ngree  each  confirms  the  otberj 
when  Ihey  disagree  each  throws  doubt  upon  the  otl 
upon  the  constancy  of  the  star.  1  do  not  suppose  that  eiili 
Cambridge  or  Brooklyn  was  selected  for  photometric  obscrv 
tions  iu  consequence  of  the  clearness  of  its  atmosphere,  t  a 
fully  satisfied  tliat  the  probable  eiTor  of  ray  own  observatioi 
consists  chiefly  of  the  variations  of  the  sVy  :  and  I  have  no  doul 
this  is  cfiually  true  of  the  Harvard  observations.  This  opinion 
confirmed  by  learning  that  Miiller  and  Kempf,  at  Potsdam,  cjai 
for  their  photometric  observations  a  probable  error  much  le 
th{in  t  had  ascertained  resulted  in  my  own  observations  firo 
variations  of  the  sky  alone,  after  eliminating  errors  purely  of  o 
scr\"ation.  I  have  found  that  on  especially  clear  evenings  n 
probablcerror  docs  potexceed  that  claimed  by  Miiller  and  Kemj 
while  on  the  average  it  equals  that  of  the  meridian  photomet^ 
But  this  is  not  a  systematic  error;  it  only  increases  the  mtmberi 
obscrvatious  necessary  to  obtain  accuracy,  and  increases  tlw 
certainty  of  the  individual  observations  of  variable  stars, 
there  is  nothing  to  counterbalance  it.  This  confirms  thei 
sion  I  arrived  atlong  ago,  that  under  the  atmospheric  condition 
it  is  better  to  multiply  observations  on  different  evenings,  tfai 
to  seek  to  increase  the  accuracy  of  indiviilual  obscr^'ations. 

Since  the  completion  of  my  Catalogue  of  Comparison  &% 
[H.  C.  O.  AaaaIs,vo\.  XXIXI,Ihavc  started  anew.cuttirg 
aloof  from  all  errors  of  individual  stars  in  the  Harvard 
logues,  or  in  my  own  earlier  observations.  As  yet  I  have  only ' 
a  very  slight  extent  eliminated  the  errors  affecting  zones  of  stal 
But  a  comparison  of  my  results  with  each  other,  and  with  d 
meridian  photometer  rvsnlts.  and  with  the  results  of  Muller  oi 
Kempf  at  Potsdam,  will  already  ti-st  the  extent  of  the  liability  i 
errors  of  misidentification  or  other  errors  affecting  indiHdt) 
stars.  My  obscrvatious,  so  far  as  reduced  and  tranaferrei 
about  16  months  following  Jan.  1,  1803,  include  936  slai 
observed  from  once  to  more  than  50  times,  {excluding,  of  i 
known  and  susjjccted  variables),  contained  in  llOgroups.  Fro 
these  I  have  selected  such  as  were  sititatile  for  this  tnvestigatiq 
from  having  been  observed  with  the  meridian  photometer,  al 
with  the  deflector  often  enough  for  comparison,  ujion  the  l>a( 
of  two  meridian  photometer  observations  or  eight  extinctions  t 
each  summarized  observation.    This  gave  me  for  in%*estigRti( 
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191  i^tars,  contained  in  03  groups.  The  mean  dtfierence  in  com- 
paring meridian  photometer  observntitms  with  each  other,  was 
.13  mag.;  the  mean  diffenrnce  in  conipnring  deflector  observations 
with  each  other,  was  .14  majj.  Although  the  last  dectmni  may 
nut  be  precise,  from  the  inclusion  among  the  summarized  observa- 
tions in  both  cases  of  stars  observed  more  than  the  standard 
numl>er  of  times,  this  demnnstrates  that  the  errors  with  either 
instrument  arc  so  exceptional  that  they  do  not  seriously  nflfect 
the  catalogue  as  a  whole.  But  when  I  compared  the  meridian 
photometer  observations  with  my  own,  the  mean  dift'ereiice  was 
.22  mag.,  or  at  least  60  per  cent  greater  than  in  comparing  either 
set  with  each  other.  The  diiTercnce.  amounting  to  more  than  the 
mean  error  of  either  catalogue,  I  attribute  to  two  causes :  First, 
the  change  of  my  values  in  certain  localities  from  equalizing  the 
ol>scuration  errors  before  rcferrcil  to;  and  second,  changes  in  the 
stars  themselves.  The  progress  of  e<juuIir,ation  has  necessarily 
1}een  so  slow  that  I  am  disposed  to  attribute  the  principal  part  of 
this  spcxial  discrepancy  to  changes  in  the  stars.  Professor  Hark- 
ness,  in  his  address  last  night,  spoke  of  the  advantage  uf  employ- 
ing diflcrcnt  methods,  from  the  fact  that  the  constant  errors  of 
one  become  accidental  errors  in  another.  Aa  soon  as  I  shall  have 
sufficient  material,  I  intend  to  investigate  whether  there  may  not 
be  systeniiitic  errors  in  one  or  the  other  of  these  two  photiunetric 
methods,  since  such  errors  would  tend  to  produce  just  such  a  dis- 
crepancy as  is  here  manifested.  In  ■!■  [lerccnt  of  the  stars  rejected 
by  my  criterion  as  fluctuating,  this  variation  may  amount  to 
half  a  magnitude  or  more.  It  will  require  a  more  careful  exam- 
ination than  I  have  considered  my  present  materials  to  warrjmt, 
to  determine  the  minor  actual  changes  of  the  stars  generally.  It 
is  enough  for  my  present  pariiosc  if  I  have  shown  from  independ- 
ent observation,  that  the  criticisms  of  Or.  Chandler  arc  nut  ap- 
plicahle  to  the  main  body  of  the  observations  with  the  meridian 
photometer,  but  chiefly  relate  to  the  attempt  to  use  the  meridian 
photometer  in  the  observation  of  variable  stars,  where  there  is 
no  guide  in  the  identification  of  ihc  olwerved  star  in  the  know- 
ledge  of  its  approximate  brightness. 

In  therecent  volume  of  photometric  observations  by  Miiller  and 
Kempf  at  Pott'dam,  there  is  a  repeated  expression  of  the  opinion 
that  the  Harvard  observations  were  conducted  with  too  great 
haste,  and  that  this  led,  not  only  to  general  inaccuracy  bnt  also 
to  the  misidentifications  already  spoken  of.  Upon  that  <|ue!ition 
I  wish  to  make  some  suggestions  with  regard  to  the  advantages 
for  which  the  Harvard  observers  hazarded  inaccuracy  and  even 
occasional  errors. 


An  obserrer  with  a  tneridian  circle  in  a  first  class  ObBcrratij 
takes  up  the  Durchmusteruiig  and  at  once  exclaims,  "This  wfl 
has  been  done  with  excessive  haste;  the  positions  are  serial  a 
onds  of  arc  in  error;  sometimes  neighboring  stars  areconfoundi 
two  being  observed  as  one;  for  an  astronomer  who  wants, 
obtain  accurate  positions  of  comparison  stars  for  a  coraet^H 
teroid,  your  work  is  valueless."  The  reply  is  that  it  is  betlff 
have  a  comparison  star  close  by,  whose  position  is  rou^l 
known,  than  one  several  degrees  away  which  is  exact;  for  i 
comparisons  can  be  made  and  the  position  of  the  comparis 
star  subsequently  ascertained  as  accurately  as  need  be.  In  con 
quence  of  t'ne  irregularity  of  the  sky,  it  is  necessary  that  m< 
photometric  observations  should  be  differential,  and  for  the  sal 
reason  it  is  important  that  the  standards  should  be  cloaftj 
hand.  I'nder  these  circumstances  it  was  far  more  importi 
the  time  the  Zone  Catalogue  was  preparing,  that  it  shouk 
tain  many  stars  than  that  it  should  contain  a  few  stars  ad 
rate!}"  obscr\'cd.  If  three  or  more  consistent  zone  stars  are  ca 
bincd  to  form  a  standard,  it  is  easy  to  weed  out  errors,  a 
inaccuracies  will  tend  to  counterbalance  each  other.  Pickcri 
has  done  for  photometry  what  Argclandcr,  Gould  and  Schoofi 
have  done  for  tlie  determination  of  positions,  a  work  to  he  M 
picmcntcd  only  by  the  new  photographic  survey;  while  it  may 
that  Miiller  and  Kcnipf  stand  more  nearly  in  the  relation  of  ( 
meridian  circle  observers,  to  determine  with  accuracy  8« 
stars. 


THE  MAGNESIUM  SPECTRUM  AS  AN  INDEX  TO  THE  TEMPERAT1 

OF  THE  STARS. 
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In  II   paiJCT  recently  pulilished  in   the  SitzungT^hcHchie 
Berlin  Afadcray  of  Sciences*.  Professor  Scheinercidls  attcntioa> 
the  opposite  behavior,  under  varying  conditions  of  Leinperatd 
of  two  lines  in  the  »pecLrum  of  mugnesium,  and  shows  thai  thi 
lines,  taken   (ugetlier,  give  a  meauii  uf  estimating  the  ap| 
mate  temperature  of  the  absorptive  atmospheres  of  the 
The  line  A  44-82  is  not  found  in  the  flame  or  arc  spectrum  of 
nesium.  but  is  very  broa<l  and  strong  in  the  si>ectruin  of 
spark  with  Lcydcn  jar;  the  line  ^  4352,  on  the  other  hand, 
cither  innsiUle  or  very  faint  in  the  spark  spectrum  and  sti 

*  TrnnslntctI  in  AfTHONuMV  anu  AsTlto-Puvsrcs,  August.  1SU4. 
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the  spectmm  of  the  electric  arc.    In  stellar  spectrii  similar  differ- 
ences in  the  relative  intensity  of  these  lines  are  found,  and  these 
differences  are  in  harmony  with  thesupposition  that  the  tempera- 
ture of  the  absorbing  layer  of  stars  of  class  la  is  approximately 
that  of  the  spark  with  Leyden  jar,  and  the  temperature  of  stars 
of  class  Ilia  is  approximately  that  of  the  electric  arc,  the  op- 
posed cbaracteristictii  of  the  lines  enabling  us  to  discriminate  be- 
tween the  effects  of  lemjKrature  and  pressure.    The  method  prcv 
posed   by  I'rolessor  Scheiner  is  certainly  a  plausible  one,  and  it 
agrees  well  with  what  is  known  of  the  temperature  of  the  stars 
^  on  other  grounds,   but  as   the  electric  spark  marks  the  limit  uf 
iB  temperature  which  cait  at  present  be  produced  in  the  laboratory, 
'     it  givep  us  no  means  of  recognizing  stellar  tcmi>craturcs  which 
exceed  that  limit. 

Id  this  connection  the  behavior  of  the  characteristic  magnesium 
triplet  b,  which  is  below  the  lower  limit  of  Professor  Scheiner's 
pbotographs,  is  of  very  great  interest.  In  a  recently  jmblished 
paper  on  the  sfwctra  of  the  Orion  Nebula  and  the  Orion  Stars.* 
I  have  referred  to  the  circumstance  that  this  Kroup  is  jibsent  from 
the  siwclruin  of  Kigel,  in  wliicli  the  magnesium  line  \  44S2  is  con- 
spicuous, and  it  becomes  of  importance  to  ascertain  the  condi- 
tions on  wliicli  the  disapjiearance  of  the  h  group  de[>en{ls.  So 
far  as  my  own  experience  goes,  and  so  far  as  I  can  gather  from 
the  published  observations  of  others,  the  b  lines  are  strong  in  the 
flame,  arc.  and  spark  s]jectrtim  of  magnesium.  The  range  of  tem- 
jwrature  which  we  can  command  in  laboratory  experiments  is 
therefore  not  sufficient  to  decide  the  question;  but  Irom  the  ap- 
pearance of  these  lines  in  star  sftectra,  considered  in  relation  to 
I  the  lines  mentioned  by  Scheiner,  their  disappearance  seems  to  be 
the  result  of  n  temperature  higher  than  any  thnt  can  \k  obtained 
artificially. 
Thus,  the  b  lines  arc  strong  (apparently  somewhat  atrnnger 
than  the  solar  lines)  in  Betclgeuse,  Antarcs  and  other  stars  of 
class  HIh;  they  are  of  about  solar  strength  in  Cnpelln  and  Arc- 
turus,  and  weak  in  Sirius  and  Vega;  they  fail  altogeihert  in  a 
Cygni,  ill  which  the  line  A  4482  is  remarkably  conspicuous,  and  in 
Rigel. 

The  f<illowing  c<mstderations  seem  to  apply  to  these  facts: 
neither  of  the  lines  referred  to  by  Scheiner  belongs  to  one  of  the 

I  series  uf  characteristic  magnesium  triplets;  the  b  lines,  on  the 
'  AsTKoXOMV  Axn  AsU(f>.plivsics.  June,  isy-t. 
t  By  (bis  I  Tiitaii  ihiit  ifwy  fnil  to  appcnr  on  my  photon r» pin,  wbici),  nrver- 
tltrlcBfi,  show  quite  Taint  tines.    In  n  Cygni  ihvrc  nrcH-venil  linc-K  in  ihir  vJvtnity  of 
tlir  b  KtOiip,  t'ut  the  b  lines  lltcmKlvea  arc  not  rciitx-Kcntt-tf. 
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other  hand,  belong  to  a  scries  which, from  annlopr  with 
tra  of  tile  nikaltes,  is  called  by  Knyser  and  Kitnge  the  sect 
ordinate  series  of  magnesium.  For  reasons  which  are  tiet 
in  their  memoir,  it  is  probable  that  the  molecular  stmctnre  r 
catcd  by  lines  having  the  characteristics  of  a  subordinate  m 
cannot  exist  at  a  rery  high  temperature,  and  Kayser  and  Rq 
have  in  this  way  accounted  for  the  absence  from  the  solar  S| 
trum  of  all  the  sodium  pairs  which  do  not  Iwlongto  the  princi 
series  containing  the  Z)  lines.  The  snmc  reasoning  applies  to 
magnesium  spectrum,  the  only  difference  being  that  a  hifl 
temperature  is  required  to  cause  the  disappearance  of  the^ 
to  which  the  b  group  belongs. 

If  this  reasoning  is  correct,  the  aspect  of  the  h  lines  in 
spectra  gives  lis  an  extension  of  the  method  proposed  bySch< 
and  it  shows  that  the  temperature  of  certain  stars  exceeds  t 
of  the  most  powerful  electric  spark.  That  Rigcl  should  be  on 
these  stars  is  somewhat  surprising,  considering  the  jilacc  wi 
it  probably  occupies  in  the  scale  of  development,  but  the  rcvc 
of  the  D,  line  ill  its  spectrum  seems  to  point  to  the  same  coq 
sion,  and  without  further  observation  it  caimot  l>e  said  tl 
liigli  tcmpcrflturc  assigned  to  this  star  by  the  prttposed 
is  a  real  difficulty.— ,4.  N.  H245. 

Ai-i.EGHKNV  Observatokv,  1894,  Juhc  15. 

The  note  printed  above  requires  a  slight  correction.    <v ' 
there  mentione<l  aa  a  star  of  class  lb  whose  spectrum  dl 
contain  the  b  lines,  although  the  magnesium  line  A  4482 
conspicuous.    Recettl  photographs  taken  with  high  disf 
show  that  the  b  lines  arc  present,  although  they  arc  fail 
not  easily  recognized  on  account  of  the  presence  of  much  sti 
lines  in  the  snmc  region.    One  of  these  lines  is  nearly  coincic 
with  bf.and  ts  probably  identical  with  a  strong  line  which  I 
described  in  the  spectrum  of  Kige!. 


ON  SOME  ATTEMPTS  TO  PHOTOGRAPH  THE  SOLAK  COROHi 

OUT  AN  ECLIPSE." 


ORORORB.  HALB. 

PKEvioirs  Investicatioxs. 

The  search  for  a  method  to  render  the  corona  visible  to  the 
or  to  secure  its  image  upon  a  photographic  plate,  without 

■  Read  at  the  Brooklyn  Meeting  oT  lite  American  Association  for  the, 
nicnt  of  Science,  Aug.  17.  189*.    Communicated  by  tlH-  nutbor. 


aid  uf  a  total  eclipse,  has  been  prosccutt-d  for  many  years.  Profcs- 
aor  Laugleyhas  observed  tlie  Sunfruni  tlic  slopes  of  Mount  Etmi, 
from  Pike's  Peak*  and  from  Mount  Whitney,  but  even  when  the 
atmospheric  conditions  were  at  tlieir  best  he  couUl  see  nothins  of 
the  true  corona.  At  Mount  Whitney  the  sky  was  of  a  deep  violet 
blue,  and  absohitely  cloudless,  with  only  a  slight  orange  tint 
aixjut  the  hori:con  at  sunset.  "  Currying  a  screen  in  the  hand  l>e- 
tween  the  eye  and  the  Sun,  till  the  eye  is  shaded  from  the  direct 
rays,  it  can  foUow  this  blue  up  to  the  eflge  of  the  solar  disk  with- 
out finding  in  it  any  loss  of  this  deep  violet  or  any  milkiness  as  it 
approaclics  the  limb.  It  is  au  incomparably  beautiful  sky  for  the 
observer's  purpose,  such  as  I  have  not  seen  equalled  in  the  Rocky 
Mountains,  in  Egypt,  or  on  Mount  Etna.  ...  I  found  that  I 
could  choose  a  position  on  the  north  of  the  cliff,  along  whose 
edge  the  Sun  was  moving  nearly  horizontally  ;  so  that  the  shadow 
was  fixed  as  regards  tlie  observer,  and  so  sharp  that,  though  I 
must  have  been  over  one-quarter  of  a  mile  from  the  portion  of  the 
cliff  casting  it,  I  could,  without  moving  from  my  place,  and  by 
only  a  slight  motion  of  ihe  head,  put  the  eye  in  or  out  of  view  of 
tlie  Sun's  north  limb.  The  rocks  were,  in  these  circumstances, 
lined  with  a  brilliant  silver  edge,  due  to  diffraction.  This  I  had 
anticipated,  but  now  I  saw  what  could  not  be  seen  by  screening 
tlie  Sun  with  a  near  object,  that  the  sky  really  did  not  maintain 
the  same  violet  blue  up  to  the  Sun,  but  that  a  tine  coma  was  seen 
about  it  of  about  4^  diameter,  nearly  uniform,  though  it  was 
sensibly  brighter  through  the  diameter  of  Ha".  Upon  bringing 
to  bear  upon  it  an  excellent  portable  telescope,  magnifying  about 
thirty  times,  I  found  it  was  cotnposed  of  motes  in  the  sunl>eam, 
between  the  dilTracting  edge  and  the  observer's  eye.  This  result, 
if  disappointing,  is  also  interesting  in  another  point  of  view,  as 
showing  that  the  dustsliell,  which,  as  I  have  elsewhere  stated. 
encircles  our  planet,  exists  at  an  altitude  of  at  least  13.0(K)  feet, 
and  under  favorable  conditions  for  the  purity  of  the  atmos- 
phere."t  Other  tinsnccessful  attempts  to  olreerve  the  corona 
without  an  eclipse  have  been  made  by  Professor  Bond  in  the  Alps, 
Dr.  Copelandt  at  Puno  at  n  height  of  12.0+0  feet.  Professor  Tuc- 
chini  on  Mount  Etna,  and  Professor  Todd  on  Euji-san.  Professor 
Wriglit  has  tried  various  colored  media  in  the  hope  of  rendering 
the  corona  visible,  and  Professor  HarknessS  and  Dr.  Pupinj!  hove 

•  ReportnontheTotAlSotarBelip^esofJaix  Z9.  l^7S and jMnaarj  it.  18SO, 

.207. 
+  S.  P.  L«n«Iey.    Report  of  the  Mouai  Whitney  Exjmhtioa.  [».  11. 
J  Cofjernkuf,  vol.  [M.  p.  212. 
i  Bat.  Phil.  Soc.  of  \y»fhwgton,  vol.  X.  p.  13. 
h  Astronomy  and  .isuv-pliyticM,  vol.  XII,  1803.  (i.  362. 
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devised  special  apparatus  for  Oic  same  purpose.    But  tTic  niojt 
m-riuus  attempt  to  solve  the  problem  is  thnt  of  Dr.  HuRgins, 
this  calls  for  more  detailed  consideration. 

After  trying  in  vain  a  variety  of  optical  devices,  including^  t1 
crossed  prisms  afterward  employed  by  Harkness  and  Dcslandre*, 
Dr.  Huggins  decided  to  avail  himself  of  the  power  of  the  photo- 
praphic  plate  to  render  visible  smaller  differences  in  brighinejts 
than  are  directly  perceptible  to  the  eye.  By  experiments  in  tht 
laboratory  he  satisfied  himself  "that  under  suitable  conditions 
of  exposure  and  development  a  jihotographic  plate  can  be  made 
to  record  minute  diflen'nces  of  illumination  existing  in  diffemtt 
parts  of  a  bright  object,  such  as  a  sheet  of  drawing  paper,  which 
are  so  subtle  as  to  be  at  the  very  limit  of  the  p<»wcr  of  recogni- 
tion of  a  trained  eye,  and  even,  as  it  appeared  to  me,  those  which 
surpass  that  limit."*  Professor  Schuster's  photographd  of  the 
coronal  spectrum  obtained  at  the  eclipse  of  May  17.  1882. 
showed  a  maximum  brightness  between  G  and  H,  and  it  seemed 
not  improbable  that  an  exclusive  use  of  this  portion  of  the  spec- 
trum might  make  it  possible  to  photograph  the  corona  without 
an  eclipftc.  Later  a  further  argument  in  favor  of  the  cmploymedt 
of  this  part  of  the  spectrum  was  found  in  the  results  of  Professor 
Vogcl's  measures  of  the  absorption  of  the  photosphcric  light  at 
the  center  and  limb  of  the  Sun.  It  was  discovered  that  the  violet 
suflTered  much  more  absorption  than  the  red,  the  percentage 
brightness  at  the  Hmb  compared  with  the  center  of  the  disk  being 
13  and  ."^0  respectively.  As  most  authorities  agree  that  the  rapid 
increase  in  absorption  toward  the  limb  would  indicate  that  the 
absorbing  gas  rises  to  no  great  height  above  the  photosphere,  the 
light  of  the  corona,  which  lies  outside  the  low  region  of  absorp- 
tion, would  reach  the  Earth  without  undergoing  this  absorption. 
Thus  it  should  be  relatively  rich  in  the  violet,  when  compared 
with  the  photosphcric  light  which  is  scattered  in  our  atmos- 
phere.+  The  advantages  offered  by  photography,  especially  for 
work  in  the  more  refrangible  region  of  the  spectrtjm,  were  thus 
sufficient  to  lead  to  its  substitution  for  the  visual  methods  previ- 
ously employed. 

The  first  experiments  were  made  with  photographic  lenses,  but 
these  were  soon  abandoned  for  a  Newtonian  reflector  of  6  inches 
aperture  and  al>out  3\ji  feet  focus.  The  solar  image  was  received 
upon  a  photographic  plate,  in  front  of  which  were  placed  the  al>- 
sorptive  media.    The  exposing  shutter,  supported  before  the  end 

•  Fmc.  Har.  Soc.,  vol  XXXIV.  18S2.  p.  +1 1 . 
f  Proc  tCt'ry.  Soe.,  vol.  XXXIX.  1885.  p.  til. 
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of  the  t«l«scope,  was  of  adjustable  rapidity,  and  reduced  the  aper- 
ture to  Lhr«:  inches.  The  telescope  was  not  provided  with  a  driv- 
ing clock,  on  account  of  the  shortness  of  the  exposures.  For  ali- 
sorbiug  media  a  special  violet  glass  in  the  form  of  flat  ]>olished 
plates,  and  later  a  gUisii  cell  with  polished  sides  containing  h 
strong  fresh  solution  of  potassic  permanganate,  were  employed. 
The  gelatine  dryplate^  were  backed  with  a  solution  of  aspbaltum 

^in  benzole.    The  exposures  ranged  from  that  just  sufficient  for  the 
Sun  itself,  to  one  so  hmg  as  to  reverse  the  photographic  imnge 
out  to  some  distance  from  the  Suu's  limb. 
|.Ectwecn  June  and  October.  1882,  twenty  plates  were  sectirrJ 
vhicl]  showed  fortns  closely  rcsettiblittg  the  corona,  not  merely  m 
a  general  brightening  near  the  Sun,  but  in  the  presence  of  distinct 
coronal  tonus  and  rays.    The  plates  taken  on  ditTcrenl  days  with 
^         difierent  absorpttve  media,  and  with  the  Sun  in  dijferent  parts  of 
H    the  5eld,  agreed  so  well  among  themselves  that  they  could  not  be 
H    attributed  to  any  instrumental  effect.    The  very  shnri  exposures 
H    showed  only  the  iimer  corona,  but  with  inciYased  ex]>oanre  the  in- 
H    ncr  corona  was  lost  in  the  outer  corona,  which  exhibited  the 
H    curved  rays  and  rifts  observed  at  eclipses.    The  corona  was  most 
V    easily  seen,  however,  in   those  plates   which  were  rxpo6e<l   long 
enough  to  photographically  reveree  both   the  photosplteric  and 
coronal  iiniiges.    A  careful  comparison  of  the  photographs  with 
those  secured  at  the  Egyptian  eclipse  of  the  same  yeai'  showed  so 
perfecc  an  agreement  of  general  features  and  even  details  as  to 

I  convince  both  Dr.  Huggins  and  Captain  Abney  that  tlie  problem 
had  been  solved,' 
In  his  later  workf  Dr.  Huggins  did  away  with  the  second  retlec- 
tion  of  the  Newtonian  telescope,  and  by  slightly  inclining  the 
Bpevuluni  metal  mirror  caused  the  solar  image  to  fall  directly 
Upon  a  silver  chloride  plate,  which  Captain  Abney  had  shown  to 
he  most  sensitive  to  light  from  h  to  a  little  beyond  H.  The  ab- 
sorbing media  were  thus  considered  unnecessary.  A  long  tnl)c 
H  with  numerous  diaphragms  was  placed  in  front  of  the  telescofte, 
and  every  care  was  taken  to  avoid  difKculties  arising  from  iliffusc 
or  rertecte<l  light.  Photographs  taken  with  this  apparatus  im- 
mediately before  and  after  the  eclipse  of  1883  showed  coronal 
forms  very  similar  to  those  olilained  at  Caroline  Island  during 
toinlily,  a  dark  rilt  near  the  north  pole  of  the  Sun  being  particu- 
larly noticeable  in  both  coses. 


•  Pntc.  Roy.  Soc..  vol.  XXXIV.  1882.  pp.  411-414. 
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lu  1884  a  committee  appointed  b.v  the  Roynl  Society  tent  Nfr 
Ray  Woods  to  the  Rifflctxrrg,  near  Zcrmatt.  for  the  purpose  of 
couttniiiiig  Dr.  Huggiiis'  experiments  at  an  elevation  of  8,500 
feet.  In  spite  of  the  continued  presence  of  a  great  aureok 
around  the  Sim,  due  to  the  presence  of  minute  particles  of  matter 
in  tlie  higher  regions  of  the  atmosphere,  Mr.  Woods  obtained 
coronal  images  which  were  very  much  alike  on  the  same  day,  but 
showed  variations  when  separated  by  longer  periods.  The  use  of 
a  disk  to  cover  the  Sun's  imnge  seemed  to  be  of  no  advantage. 
The  best  results  were  obtained  on  tbe  clearest  daj-s.* 

During  the  next  two  years  no  experiments  in  tliis  direction 
were  made  in  Kngland,  owing  to  the  prevalence  of  whitish  skie«, 
In  1886,  however,  the  method  was  put  to  the  test  at  the  time  of 
the  total  eclipse  of  that  year.  Captain  Darwin  photographed  the 
Sun  on  the  day  before  the  eclipse,  but  the  coronal  images  ob- 
tained showed  no  similarity  with  the  true  coronal  images  photo- 
graphed during  totality.  On  the  day  of  the  eclipse  cxposum 
made  during  tlic  partial  phases  showed  a  false  corona,  part  of 
which  was  in  Iront  of  the  Moon.  In  no  case  did  the  images 
show  the  Moon  eclipsing  the  corona.  Instantaneous  exposures 
made  during  totality  gave  no  trace  of  the  corona.  Although  the 
conditions  were  most  unfavorable  during  this  eclipse  Capt^^ 
I'arwin  concludes  '*  that  the  result  tends  to  show  that  a  practical 
method  of  obtaining  photographic  records  of  the  corona  during 
sunlight  ts  not  likely  to  be  obtained,"  at  the  same  time  remark- 
ing that  he  does  not  consider  it  proved  that  the  method  is  irapos- 
siblc.t 

At  Cape  Town  Dr.  Gill  photographed  the  partial  phases  of  the 
same  eclipse  with  a  Huggins  coronagraph,  but  the  results  were 
equally  disappointing.  A  long  series  of  experiments  made  at  the 
Cape  Observatory  with  the  coronagraph  has  not  led  to  results  of 
a  definitive  character.?  Nor  have  the  attempts  in  this  direction 
of  Dr.  Lolise,§  Herr  von  GothardI  and  M.  Deslandrcs*'  resulted 
more  satisfactorily. 

Professor  Tacchini*s  observations  on  Mount  Etna  in  1876""  led 
to  the  establishmeut  of  the  Dellini  Observatory  at  the  base  of  the 
great  crater  a  few  years  later.    With  a  Huggins  coronagraph 

'  ObaerratOTy.  vol.  Vri.  IRSt.  p.  378. 
t  Proc.  Roy.  Soc..  vol.  XLI.  1«86.  p.  470. 

t  ticfiort  of  H.  M.  A*tronamer  at  the  C/ipr  of  Good  Hope  for  the  period  tSTH. 
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1  Coaptea  reodui,  Saa.  23.1893. 
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constructed  by  Gnibb,  Professor  Kicci^  hus  made  a  large  number 
of  photographs  of  the  Sun's  Burroundings.  Many  of  these  show 
distinct  coronal  forms,  extending  to  great  distances  from  the 
solar  limb.  During  the  partial  eclipse  of  April,  1893,  Trofcssor 
Rjccd  mode  several  exposures,  but  the  coronal  fortns  shown  on 
the  negatives  cross  the  dark  body  of  the  Moon  without  interru]>- 
tion,  thus  denioiistrating  that  they  do  not  represent  the  true 
corona.*  Moreover,  the  exposures  with  which  these  and  other 
coronal  images  have  been  secured  arc  much  shorter  than  those 
given  with  similar  ittstrutnents  during  total  eclipses.  It  is  uni- 
versally admitted  that  the  corona  at  a  distance  of  a  solar  radius 
from  the  limb  is  much  fainter  than  the  Moon.  In  Professor 
Ricc6's  photographs,  which  were  niade  with  an  exposure  of  less 
than  half  a  second,  the  coronal  forms  extend  to  a  distance  of 
nearly  a  solar  diameter,  l^^sing  the  same  apparatus  and  c({ually 
sensitive  plates  we  obtained  no  tiaces  of  the  Moon  (which  was 
well  past  its  first  quarter)  with  an  exposure  of  four  seconds,  dur- 
ing our  recent  expedition  to  Mount  Etna.  It  is,  therefore,  highly 
probable  that  the  coronal  images  obtained  with  the  Huggins  ap- 
paratus on  Mount  Etna  were  of  terrestrial  origin. 

Although  1  have  not  succeeded  in  photographing  the  corona  in 
full  sunlight.  I  present  herewith  an  account  of  my  eJTorts  in  this 
direction,  in  the  hope  that  some  of  the  details  may  pro\*e  of 
service  to  others  at  work  in  the  same  (ield. 

A  New  Method  of  Coronal  Photography. 

At  the  Rochester  Meeting  of  the  American  Association  I  de- 
scribed my  investigations  in  solar  photography  with  monochrom- 
atic light.  By  the  aid  of  the  s|x*clroheliograph  1  had  succeeded 
in  photographing  the  chromosphere  and  prominences  as  well  as 
faculee  and  other  phenomena  on  the  solar  disk.  On  June  10,1893, 
I  made  two  attempts  to  photograph  theeorona  with  the  sfwctro. 
heliograph,  the  exposure  lu'ing  much  longer  than  that  required 
for  prominences.  The  sky  showed  a  considerable  brightening 
near  the  Sun  on  the  plates,  but  no  certain  indication  of  the 
corona  was  obtained.  The  possibilities  of  the  siK-ctroheliograph 
in  its  application  to  the  photographj'  of  the  corona  were  carefully 
studied,  and  in  August  of  the  same  year  the  construction  of  a 
special  instrument  for  this  pnrpost  was  imdcrtaken  by  the  me- 
chanician of  the  Kenwood  Observatory.  It  was  at  first  proposed 
to  isolate  light  of  any  desired  wave-length  by  means  of  a  spectro- 
heliograph,  and  thus  to  photograph  the  sky  surrounding  the  Sun, 
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employiog  sucfa  a  region  of  tbe  spcctruii]  as  experimctit  pro\cd 
to  be  best  adapted  to  show  tbeciirona  on  the  backgroood  of 
iky."  K«iisuuing  from  Prolessor  VogcPH  aicsfturca  of  tbc 
akmorption,  a8  Dr.  Huggins  bad  previously  done,  and  aI*o  from 
the  comparHtive  liriglitness  of  llie  coronal  spectrum  in  the 
region,  it  would  appear  that  the  upi^r  part  of  the  spect 
might  be  advautageously  employed,  except  when  tbe  bluenci 
the  sky  extends  to  tlie  very  limb  ol"  the  Sun.  Professor  Liraglrr'! 
olraervation  at  Mount  Whitney,  which  huH  liem  i|Uotrd  nt  leogtli 
above,  would  make  it  ap)>ear  probable  that  this  latter  rondtiim 
is  never  fully  realized.  M.  f^estandrest  has  rrcctitly  called  attrs- 
lion  to  I^rd  Rayleigh's  comparison  of  tl»e  sky  and  Holor  sjioc.  « 
tram,  from  which  was  deduced  the  law  that  the  bri^htnesii  of  tlvB 
sky  Sjwctrum  (near  the  zenith)  is  inversely  iiroportioniil  to  the™ 
fourth  powi-er  of  the  wave-length  of  the  region  objicTrwl,  With 
an  atmosphere  free  from  large  particles  nf  dust  and  rafmr  tbe 
law  would  probably  hold  for  the  light  of  the  sky  very  nmr  tbe 
Sun's  limh,  and  iu  such  n  case  the  less  refrangible  rc^on  could  be 
ndvantageously  employed  with  the  spectrnhettogrnph.  t'nder 
ordinary  conditions,  however,  tlie  whiteness  of  the  sky  near  tbe 
Sun  is  so  intense  as  to  render  advisable  tlic  use  nf  the  blue  or 
violet  rays,  partly  on  account  of  tbe  lack  of  really  satislaclory 
photogrnphic  plates  sensitive  to  the  red  or  ultra-re«I  rnvs. 

Kilt  further  reflcctifin  convinced  me  thai  tlic  mere  isolaliun  of  ■ 
particular  region  of  the  spectrum  by  means  of  the  spcctrobcHo* 
graph  would  not  suffice  for  the  difficult  task  of  phot  "img 

tbe  corona  in  full  wunlight,  and  it  was  soon  conclude"  ■  ibc 

most  promising  means  of  attaining  this  end  was  oAinred  by  tbe 
dark  lines  of  the  solar  9i»ect rum.  As  the  light  of  the  sky  is  merely 
redectcd  sunlight,  the  dark  lines  of  its  spectrum  indicate  tbat 
light  of  the  corres|)onding  wave-lengths  is  but  feebly  rcproexited 
in  our  atmosphere.  If,  then,  a  dark  liue  (other  than  tellurie]  la 
the  sky  spectrum  is  set  on  the  second  slit  of  a  spectrobcliograph. 
and  the  slit  narrowed  sufBcicntlv  to  exclude  all  light  except  that 
of  the  line,  it  is  evident  that  the  protection  to  the  photogrnphic 
plate  will  l>e  the  samc$  m  that  which  would  result  from  ;i  rediK- 
tion  of  the  brightness  of  the  whole  sky  to  thi\t  of  the  Kne. 
Whether  or  not  the  coronal  light  will  be  reducc<I  in  niiylhtngltfce 
the  same  proportion  is  the  next  question  to  t>c  contsidcred. 

The  presence  of  reflected  sunlight  in  the  spectrum  of  the  cor< 
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ona  has  lon^  been  reco^^nizeil,  hut  opinions  as  to  its  amount  vary 
widely.  Tlie  principal  Fraunliofer  lines  have  bevn  swn  and  pho- 
tographed at  mnny  eclipses,  hut  fretjuently  they  arc  so  fuint  ns  to 
be  barely  i>erceptiUle.  After  an  exhaustive  exaininntinn  of  oil  oh- 
servations  made  up  to  1883,  Professor  Hastings  remarks  that 
"the  conclusion  is  inevitable  that  the  proportion  of  tme  solar 
light  in  that  of  the  corona  within  5'  or  fi'  of  the  Moon's  limb  is 
so  small  that  all  but  the  strongest  of  the  Frnunholcr  lines  arc  in- 
visible in  an\'  spectroscope  which  has  hitherto  been  emi>loyed.*' 
By  mixing  light  giving  a  continaous  sjiecinitn  with  sunlight 
Professor  Hastings  succeeded  in  producing  a  spectrum  in  which 
the  principal  Fraunhofer  lines  were  of  nbout  the  same  intensity 
as  in  the  corona  when  the  proportion  of  light  giving  a  continu- 
ous spectrum  to  solar  light  wns  about  two  or  three  to  one.* 
This  is  direct  proof  that  the  percentage  of  reflected  Aunltght  in 
the  coronal  sixx-tmni  is  small.  Recent  cclipsses  furnish  evidence 
lending  to  the  same  conclusion,  for  in  some  photographs  made 
with  a  slit  spectrograph  the  Fraunhofer  lines  are  nearly  as  well 
seen  in  the  sky  outside  the  corona  as  in  the  corona  itself.  Thus  it 
appears  that  by  setting  a  dark  line  on  the  second  slit  of  a  spec- 
troheliograph  the  brightness  of  the  sky  spectrum  may  be  consid- 
erably reduced,  while  the  brightness  of  the  coronal  spectrum  at 
the  same  point  is  not  seriously  diminished. 

In  the  choice  of  a  line  for  this  puri)ose  it  is  evident  that  one 
should  be  selected  which  is  (1)  of  solar  origin,  (2)  of  sufficient 
width,  (3)  very  dark  compared  with  the  continuous  Kpectruui  in 
which  it  lies,  and  (i-)  situated  i[i  that  part  of  the  spectrum  in 
which  the  contrast  between  the  continuous  spectrum  of  the 
corotm  and  the  spectrum  of  the  sky  near  the  Sun  is  the  greatest 
possible.  Of  these  conditions  the  first  can  of  course  l>e  fnltillcd. 
The  second  is  of  practical  importance,  for  on  account  of  the  fee- 
bleness of  the  coronal  light  the  disjX'rsion  must  be  low,  nad  thus 
the  greater  part  of  the  Fraunhofer  lines  will  be  too  narrow  to 
afTord  complete  protection  to  the  plate,  as  the  second  slit  cannot 
be  closed  beyond  a  certain  point  for  mechnnicnl  and  optical  rea- 
sons, and  also  because  with  smaller  slit-width  the  exposure 
would  he  too  much  prolonged.  The  third  condition  is  also  of 
great  importance,  but  as  many  of  the  darkest  lines  arc  too 
narrow  to  be  successfully  employed  it  simply  remains  to  choose 
the  darkest  of  the  sufBciently  wide  lines.  A  further  complication 
nia\'  result  from  the  position  of  the  line  in  the  spectrum.    It  has 
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been  pointed  out  that  the  less  refrangible  rnys  mny  ofler  pecoTinr 
ndvantnges  when  the  atmospheric  conditions  are  such  that  the 
sky  is  blue  cloise  to  the  Sun's  limb.  But  as  thin  condition  a 
rarely,  if  ever,  renhzed  the  special  advantages  of  the  lower  pan  of 
the  spectrum  may  he  oiTsct  by  the  practical  dilliculties  pcculinr  to 
this  very  region.  Hitherto,  in  spite  of  tlie  successful  use.  of  sndi 
dyes  as  cyouinc  and  alizarine  blue  for  increasing  rr<l  '  eocM^ 

no  plates  have  been  obtained  which,  in  point  of  sc!.: ,:_  -jCS*  to 
red  light  and  freedom  from  fogging, can  compare  with  the  notion 
of  ordinary  commercial  plates  in  the  more  refrangible  part  of  the 
spectnim.  When  truly  isuchromutic  plates  have  Ixren  obtnined 
liie  red  or  ultra-red  may  perhaps  be  advantflgconsly  ctnploTcd 
for  photogrnphii!  work  on  the  corona.  But  on  acc<»unt  «if  onr 
incomplete  knowledge  of  coronal  radiation  and  atmospheric  dif- 
fusion experiment  may  be  regarded  as  the  best  guide  m  the  choke 
of  the  n.oat  suitable  region  of  the  spectrum. 

In  all  of  my  experiments  at  Chicago,  Pike's  Peak  and  Mount 
Etna  I  have  employed  the  broad  dark  K  band  of  the  aninr  spec- 
trum, for  practical  rather  than  for  theoretical  reasons.  With  the 
Bpectro heliograph  used  on  Mount  Etna  this  band  was  but  f},  of 
an  inch  wide,  and  in  work  on  the  corona  it  is  not  advicabk  to 
use  n  second  slit  much  narrower  than  this.  In  fact,  even  thti 
slit-width  requires  thai  the  exposure  be  greatly  prolonged.  It 
will  be  seen,  however,  that  thitt  difficulty  may  br  diniiniftbcd 
by  employing  a  speclrolicliograph  of  large  effective  aperture.  K 
is  preferred  to  H  because  it  is  somewhat  broader  and  darker,  but 
neither  of  these  bauds  is  nearly  as  dark  as  many  oC  the  lines  in 
the  solar  spectrum.    K  was  choseu  simply  because  tlie  U  -''it 

or"  the  corona  docs  not  permit  the  eniployment  of  n  i..  ,  ...:iia 
aufficicntly  great  to  make  the  narrower  dark  Hues  wide  enough 
to  protect  the  plate,  if  the  dispersion  were  increased  enough  to 
uilow  tlic  narrow  lines  to  be  used,  or,  what  amounts  to  ncnrl?- 
the  same  thing,  if  the  second  slit  were  made  equal  in  width  to 
these  narrow  lines,  the  exposure  would  have  to  be  so  ninrh  in- 
creased that  the  advantage  gained  by  the  greater  blackness  of 
the  line  would  prolMibly  be  more  than  offset. 

It  will  be  noticed  that  the  procedure  here  recommended  for  pho- 
tographing the  corona  without  an  eclipse  is  identical  with  that 
employed  daily  at  the  Kenwood  Observatory  ia  photoj^aphing 
the  chromosphere  and  the  solar  disk.  The  principle  of  the  tnethod 
is,  however,  very  differeut.  In  the  case  of  the  chromosphere  pho- 
tography  is  rendered  pt>ssible  by  the  presence  in  the  cfaromo- 
spheric  spectrum  of  the  bright  K  line  of  calcium,  but  while  thii 


line  is  frequently  spoken  of  as  lielonging  also  to  the  coronn,  ntost 
of  ihe  e\'iclencc  is  opposed  to  this  view.  It  is  true  thnt  eclipse 
photographs  made  with  n  slit  spectrograph  show  the  I>righi  H 
qnd  K  lines  extending  far  out  into  the  corona,  but  these  same 
bright  lines  also  froiiuently  appear  across  the  dark  body  of  the 
Moon :  a  result  of  diffusion  in  the  Earth's  atmosphere  of  the  bril- 
liant cnlciuni  radiation  of  the  chromosphere  and  prominences. 
Professor  Hastings  hasshown  thatdiffiraction  at  theMoon's  limb 
may  also  haven  part  in  producing  the  extension  of  the  reversals 
into  the  corona,*and  asthc  result  of  hisobservationsatthe  eclipse 
of  January  1.  1889,  Professor  Keeler  concludes  thnt  superposed 
upon  the  corona,  "and  blended  in  with  it.isa  moreor  less  untforra- 
ring  of  light  caused  by  diffraction.  This  diffracted  ring  is  necessar- 
ily rich  in  edge  light  of  the  Sun.  particularly  lightderived  from  the 
chromosphere,  and  to  it  ts  due  the  apjiearance  of  bright  lines  in 
the  corona  at  u  considerable  height  above  the  Sun."t  It  is  need- 
less to  multiply  references  to  the  various  eclipse  reports  in  which 
idmilar  conclusions  are  reached,  and  we  may  merely  add  that 
Captain  Abney  and  Professor  Schuster  Iielieve  that  if  the  presence 
of  the  H  and  K  lines  in  the  spectrum  of  the  corona  cannot  always 
be  accounted  for  by  atmospheric  diffusion  or  diffraction,  the  cal- 
ciom  vapor  which  must  then  give  them  rise  is  carried  up  into  the 
coronn  by  eruptive  prominences,  and  does  not  exist  there  in  the 
normal  condition  of  things. i 

But  even  if  it  could  be  shown  in  the  face  of  all  this  evidence 
that  the  H  and  K  reversals  properly  belong  to  the  coronal 
spectrum,  it  would  sLill  be  impossible  to  photograph  the  cor- 
ona without  an  ccli|jse  by  their  means.  For  if  we  may  trust 
the  observations  of  Tciinani  and  others,  the  lines  seen  in  the 
coronal  si»cctnim  iire  as  bright  in  the  dark  rifts  as  in  the  brilliant 
streamers,  Thus— supposing  these  lines  to  indicate  the  csislcnce 
of  glowing  vapors  at  a  distance  from  the  Sun's  limb — a  photo, 
graph  taken  with  a  bright  line  would  show  a  nnifortu  hnio  about 
the  SuD,  with  no  traces  of  true  coronal  stTucturc.  It  is  c%ndcnt, 
therefore,  that  wc  mnst  dc[>cnd  uium  the  continuous  spectrum  of 
the  corona  to  furnish  the  needed  light,  and  the  advantages  offered 
by  the  s|>ectrolieIiograph  are  the  choice  of  light  of  any  desired 
wnve-lcngth,  and  particularly  the  protection  afforded  to  the  pho- 
tographic plate  by  shielding  it  from  nil  light  except  that  coming 
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through  a  irlntivcly  dnrk  line  in  the  stipcrposed  spcctm  «(  ti 
corona  and  sky.* 

I  have  nlrcady  pointed  outtthat  the  same  methml  may  pcrhMfv 
be  employed  in  ph  oto  graph  in  jj  the  "while  prominences,*'  Ji^ctiT. 
cred  by  Professor  Tacchini  nt  the  Rgyptian  ecltpiw  in  18«1\  and 
observed  subsequently  nt  Caroline  Island  nnd  Grenada  in  1883 
nnd  18M6.t  These  reinnrknhle  objects  give  a  ctintinuonsi  cpco- 
trum,  nnd  as  the  bydi-oscu  lines  are  absent  they  cannot  be  seen  in 
full  sunlight  observfitions  with  the  spectroscope.  l*ht»togmplt» 
of  the  spectrum  of  ihesreat  white  pn»minctice,  which  was  so  con- 
spicuous an  object  nt  the  ISSG  eclifwe,  seem  to  show  the  pre»eTioe 
of  the  bright  H  and  K  linesS  and  tliis  gave  renson  to  hope  that 
they  might  be  successfully  photographwl  without  an  eclipM  with 
the  ordinary  spec t4X> heliograph  employed  for  promioenecs.  Sot 
all  of  the  Kenwood  Dbservatory  ]>hotogr;iplui  have  \nxn  t^ 
duced,  but  on  those  hitherto  examined,  no  such  objects  have  been 
found.  But  even  if  the  H  and  K  reversals  du  not  tx-tung  to  the 
white  prominences,  the  method  recommended  uImjvc  fur  ibc 
corona  mny  pi-ove  to  be  successful  for  them  as  well,  on  ncconnt 
of  the  comparuiivc  brightness  of  their  continuous  ^pcct^unl. 

Of  tirst  im])(>rtance  in  the  tiesign  of  any  appnratus  to  Im:  used  in 
pliQtographin}!  the  corona  without  an  ccliiKtc  is  the  Cc1cfK-4i|ie 
with  which  the  sohir  imnge  is  formed  on  the  Arst  slit  ui  the  spec* 
troheliogrnph.  M.  Oeslnndres  has  suggested  the  ukc  uf  a  stogie 
lens  of  crown  glnss  or  tpKirtz  (or  this  purpose,  und  remarks  that 
the  doubly  rettcctcil  light  could  be  sto|i|)etl  by  a  diaphragm  plncrd 
ncnr  the  lens.  I  If  n  lens  were  to  l>e  selecterl  in  preference  tn  a 
mirror  it  would  seem  to  me  advisable  to  give  to  the  snrfnccs  such 
a  curvature  nnd  such  an  inclination  to  the  optical  ifxis  of  the  tele> 
scope  that  all  of  thedotibly  retlccterl  light  would  beeoficentrnted 
in  nn  imitge  some  distance  to  one  side  of  the  direct  irange  u( 
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the  Sun.  The  chromntic  aberration  of  the  single  lens  would  be  an 
advnnta^ir  rathcrthan  u  disadvantage, and  t)ie  difficulties  arising 
(rom  thespherical  aberration  and  the  incHnation  of  the  lens  to  the 
norniHl  plane  would  hardly  Ik  sufficient  to  so  seriously  injure  the 
coronal  image  as  to  make  it  unlit  for  our  present  purpose.  But 
on  account  of  the  dithculty  of  completely  doing  away  with  the 
doubly  reflwrtcd  sunlight  from  a  lens,  1  have  preferred  to  follow 
the  example  of  [)r.  Huggins,  nnd  employ  mirroni  of  H|KCuIum 
metal  or  silver-on-glass  in  all  of  my  experiments.  I  wish  tu  ex- 
press my  admiration  for  Mr.  13rashcar's  inimitable  skill  in  mak- 
ing and  pulifthing  such  specula,  as  well  as  my  indebtedness  to  him 
for  the  pains  he  has  taken  to  furnish  me  with  surfaces  of  the  high- 
est excellence. 

In  each  of  the  three  instrunieiits  successively  employetl  at  Chi- 
cago, Pike's  Peak  and  Mount  litim  the  mirror  has  Iwen  mounted 
in  the  Hcrschelinn  form,  previously  adopted  tn  the  Huggins  cor- 
onagraph.  I  have  not  been  unmindful  of  the  dangers  of  diffuse 
light,  but  from  the  very  outset  every  possible  precaution  has 
been  taken  in  the  way  of  numerous  diaphragms,  dead  black 
surfaces,  jK-rfcctly  pcilislicd  inirrurs,  prisms  and  objectives,  etc. 
It  has  been  I'ouiiil  in  practice  that  dust  is  one  of  the  principal  ob- 
stacles to  success,  and  great  pains  have  been  taken  to  make  the 
apparatus  as  nearly  as  pnssible  dust-proof,  and  lo  protect  as 
well  as  might  l>c  such  surlaces  as  were  nei'essarily  exposed  lo  the 
njr. 

ExrEm.ME.'^Ts  at  the  Keswood  Obskrvatorv. 

Fig.  1,  Plate  XXVII. shows  in  outline  the  apparatus  used  in  the 
series  of  experiments  made  at  the  Kenwood  Observatory  in  the 
spring  t)f  IMOH.  A  is  a  silver-on-glass  mirror  of  CtK-i  inches  aper- 
ture and  48  inches  focal  length.  At  H  the  solnr  image  is  formed 
on  a  small  mt-talHe  disk,  slightly  exceeding  in  diameter  the  image 
of  the  phniosphere.  The  mixe<l  light  of  the  corona  and  sky  near 
the  Sun  then  passes  into  the  spectrohelingrnph  through  a  slit  at 
II.  while  the  direct  sunlight  is  excluded.  If  this  light  were  allowed 
to  eater  the  spectrohcliograph  it  would  greiitly  rctluce  the 
chances  of  succras.  The  diverging  pencil  of  sky  and  coronal  light 
falls  at  C  upon  a  silvered  glass  mirror  of  4-  inches  njKrrture  and 
2+ inches  focal  length.  As  the  mirror  is  separated  from  the  sht 
by  a  distance  equal  to  its  own  focal  length,  and  mounted  with 
ihe  normal  to  its  surface  making  a  small  angle  with  the  axis  of 
colliniation,  the  parallel  pencil  is  reflected  lo  D,  where  it  falls 
apon  a  crown  ginss  prism  of  30*^  angle,  the  second  sorface  of 


which  is  silvered.  The  rays  are  thenw  returned  to  thccollimat* 
ills'  mirror,  and  the  prism  and  mirror  arc  so  adjustetl  that  the 
image  of  the  spectrum  is  formed  on  the  second  slit,  iinuicdiatcly 
1)eIow  tUc  first  slit.  The  K  line  is  made  to  pass  through  the  «cc- 
ond  slit,  and  falls  upon  a  ptiotographic  plate,  tlie  surface  uf  which 
is  in  the  focal  plane.  As  the  first  s}it  is  moved  '-tcross  the  corunal 
image  by  means  of  water  presmre  in  a  small  clepsydra,  the  mo- 
ond  slit  is  adjusted  tn  move  in  the  opposite  direction  nl  »ueh  a 
speed  as  to  keep  the  K  line  constantly  lielween  its  jaws.  Fig.  X 
Plate  XXX  illustrates  the  arrangement  of  the  slits.  The  frames  un 
which  the  slits  are  carried  move  on  steel  halls,  and  the  lerrr  con- 
ncctingthe  Klitcnrriagea  is  adjustable  in  length.  The  second  slitif, 
of  course,  curved  tocoirespond  with  the  curvature  of  tht  K  line. 
The  mirrors  A  and  C  are  adjustable  for  inclination  and  toct», 
and  the  prism  can  he  rotated  hy  means  of  a  tanj^ent  screw  out- 
side the  box.  The  framework  of  the  apparatus  is  made  of  gas 
pil»e.  nnd  the  covering  of  wood,  fxiinted  deni!  hhtck.and  provided 
with  numerous  diaphragms  and  screens  to  diminish  dtiTusc  light. 
With  the  exception  of  the  mirrors  and  prism,  which  were  nmdc 
hy  Mr.  Rrnshenr.  the  apparatus  was  constructed  in  (he  work* 
shop  of  the  Kenwood  Observ^iiory.  When  in  nsc  it  was  nt. 
tachcd  to  the  tube  ofthc  IS-inch  telescope,  and  the  excellent  driv- 
ing clock  would  keep  it  directed  at  the  Sun  during  any  dcsircH  ex- 
pn>urc. 

The  nse  of  n  single  mirror  in  place  of  the  ordinary  objectives  of 
the  collimntor  and  oliscrving  telescope  of  a  specti-  w.ia 

first  suggested   by   Lippich,*'  nnd   has  since  been   n-i  ■  .;    hy 

KbeTt+  and  Warisworth.t  It  ofTers  imporlnni  advantage*  in 
many  classes  of  spectroscopic  work,  and  will  no  doubt  Bbarv 
in  the  future  sotne  of  the  popularity  which  specin>«copc«  with 
two  mirrors  in  place  of  objectives  in  the  collimator  and  tetcccop* 
arc  now  beginning  to  enjoy. 

On  April  H  the  apparatus  was  attached  to  the  telcscci|ir,  nnd 
on  April  13  and  14  the  various  adjustments  were  mddc.  Thc»c 
included  focussing  the  solar  image  on  the  first  slit,  focus^int;  the 
coltimating  mirror  and  adjusting  it  and  the  pns.ii  so  th;it  the  K 
line  fell  on  the  second  slit,  setting  the  jaws  of  the  aecond  alii  par- 
allel to  the  K  line,  adjusting  the  length  of  the  lever  so  ibnt  the  K 
line  remained  on  the  second  slit  during  it»  movement  acrosii  the 
Sun.  etc.    The  jierformance  of  the  two  mirrors  wassntisfnclury. 


*  Zritafbri/i  fi;r  Inatramenttalianffe,  1884.  p   I. 
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in  spite  of  their  necessary  inclination,  but  1  was  not  satisfied 
with  Che  Hrran^cmcnt  and  motion  of  the  two  slits,  and  the 
clepsydra  was  so  small  that  on  accoant  of  the  large  and  variable 
element  of  Jriction  the  motion  was  not  sufficiently  uniform.  The 
K  line  stayed  on  the  slit  fairly  well,  but  there  was  a  certain 
amount  of  lost  motion  which  made  it  nncertain  whether  tlie  slit 
always  followed  the  line  accurately  throaghoot  the  exposure. 

On  April  Ifi.  the  day  of  the  total  eclipse  in  Africa  and  South 
America,  some  attempts  were  made  to  photograph  tlie  coronii, 
but  the  sl(y  was  far  ton  bright  to  permit  a  sufficiently  long  ex- 
]H>siire  to  tie  jrivcti.  With  a  motion  of  the  slits  such  that  the 
half-incli  solar  image  wns  crossed  in  eight  minutes,  the  sky  was 
greatly  overexposed,  and  another  photograph  showed  that  one 
minute  was  still  too  long.  As  my  cnlcnlations  had  indicated 
that  wc  could  not  hope  to  obtain  the  corona  in  much  less  thnn 
25  minutes,  the  results  were  far  from  encouraging.  Further  ex- 
periments only  served  to  demonstrate  more  clearly  the  hopeless- 
ness of  coronal  photography  licncath  a  Chicago  sky,  and  the 
shortcomings  of  the  apparatus  also  became  more  apparent  with 
continued  use.  It  was  therefore  decided  to  repent  the  espcri- 
ments  with  better  apparatus  and  the  more  favorable  atmo- 
spheric conditions  to  tie  expected  on  n  lofty  monntnin  peak. 

Through  the  kindness  of  Professor  Harrington,  Chief  of  the 
Weather  Bureau,  I  was  cnnbled  to  examine  the  meteorological 
records  of  many  elevated  stations  in  the  West,  nnd  after  careful 
consideration  of  the  relative  advantages  of  these  points,  I  de- 
cided to  make  an  exjicdition  to  the  sunmitt  of  Pike's  Peak  at  the 
tine  of  the  summer  solstice  of  1803. 

The  Expeu[tion  to  Pike's  Peak. 

The  nppnratus  constructed  in  our  workshop  for  this  expedition 
is  outlined  in  Pig.  2,  Plate  XXVII,  nnd  Plate  XXI X  is  from  a  photo- 
graph taken  by  I'rotessur  Kceleron  Pike's  P*cak.  The  samemirror 
useil  in  the  previous  experiments  forms  an  image  of  the  Sun  on  a 
metallic  disk  at  R.  The  mixed  light  of  the  corona  and  sky  enters 
thecolliniaior  by  the  first  slit.and  is  rendered  parallel  by  nnachro- 
mntic  objective  (C),of  2  inches  apertnre  nnd  20  inches  focus.  The 
dispersion  piece  is  a  Brashcar  GO*^  prism  (D)  of  light  crown  glnss, 
pcrkxt  in  purity  and  freedom  from  color.  The  objective  (K)  of  the 
telescope  is  exactly  similar  to  that  of  the  collimator.  Botli  were 
made  of  cttrtfully  selected  gln*s  by  Mr.  Brashcar.  nnd  castor  oil 
is  used  in  each  objective  lx:ivveen  the  lenses.  The  first  and  second 
slit  carriages  run  on  steel  balls,  and  arc  connected  with  each 
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uthcr  and  with  a  clepsydra  by  a  lever  system  similar  to  that  in 
constant  use  on  the  larjje  spectroheHograph  of  tlic  Kenwood 
Observatory.  The  second  slit  carriage  is  provided  with  a  totally 
reflecting  prism  attached  to  a  microscope,  which  cnn  be  racked 
into  or  out  of  the  field  o(  vievp  for  the  purpose  of  setting  the  K 
line  on  the  sitt,  and  also  to  enable  the  oliservcr  to  nifiintain  tt 
there,  if  necessary,  during  the  exposure,  hy  means  of  a  screw  ar. 
ranged  to  move  the  second  slit  relatively  to  its  carriage.  The 
speclroheliygraph  and  sheet-iron  mirror-tube  yrc  supiMTtcd  by  a 
skeleton  iron  frame,  which  was  bolted  to  the  declination  axis  of  a 
6-inch  equatorial  mounting  by  Grubb,  for  the  use  of  which  I  am 
indebtctl  to  the  kindness  ol  I'rofessor  H.  A.  Howe.  Director  of  the 
Chamljerlin  Observatory. 

Professor  James  K.  Kcclcr.  whose  cx|M:ricncc  K*ii"<^  at  M*>uni 
Whitney  and  on  other  important  expeditions  rcndetcd  hi$  udvk« 
and  assistance  of  incalculable  value,  was  good  enough  to  volun- 
teer his  services,  and  the  many  difficulties  ciicounlcred  nn  the 
I'eak  were  lessened  in  no  small  degree  by  his  presence.  I  Hesire 
here  to  express  lo  him  my  grateful  acknowledgments. 

On  June  IG,  1893,  our  party,  consisting  ol  I'rolrssor'KrcIrr, 
Mrv.  Hale  and  the  wnler,  left  Chicago  un  the  Chicago.  Rocfc 
Island  nnd  PaciHc  R.  R.,  and  arrived  nt  MAnttou,  Colorado,  na 
June  18.  The  following  extracts  from  our  note-book  will  vafR- 
ciently  outline  the  events  ot  our  stny  in  Colorado. 

Jt'NB  19.  Had  a  wooden  stiind  made  lo  carry  the  t>rubH  equa- 
torial heod.  nnd  arranged  to  leave  lor  the  Peak  next  moniinK 

JiNH  20.  Went  up  tlie  Peak  on  the  nutniing  train,  taking  « 
trunk  filled  with  apparatus,  nnd  thr  wooden  stand  for  the  tele. 
scope.  L.  and  I  returned  to  Manltou:  K.  remained  jii  ihc  num- 
mit.  nnd  set  up  ihe  stand  in  front  of  the  Wcnihtr  Hurcnii  Station. 
levelled  it  nnd  nnchiire<l  it  with  rocks. 

JcNE  21.  Went  up  on  the  moniiug  tram,  inking  the  i.ruhb 
mounting  and  :i  box  of  iippnratus.  As  so<m  as  we  reneiieil  ibe 
summit,  K.  nnd  I  placed  the  mounting  on  the  wooden  stand,  aixl 
rnuKhly  ndjusifd  the  ptilnrnxis.  In  the  evening  wcfml  ihcKpcc* 
troheliograjih  li«Vfthcr. 

Suffered  considerably  from   hendnchc  due  to  the  altitude. 

Ji-SK  22.    Continued  wnrk  <m  the  adjustment*  of  the  n  u 

and  spcctrohvliograph.    The  first  time  the  K.  A.  clamp  i 

the  steel  pin  broke  short  off.  but  it  was  found  |>Oft»ibte  to  o*r  it 
hy  employiuj;  a  screxv  driver  fur  chimping. 

L.'tt  !»cvcrc  licniiachc  cunlinticil  Ut  ^row  worse,  and  it  l>ecAme 
tm]K>8sible  for  her  to  ntny  on  the  Peak.    (We  afterwards  found 
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that  about  two-thirds  of  the  tourists  who  came  up  the  moun- 
tain on  the  train  each  morning  were  nficctecl  by  the  altitude,  and 
during  our  stay  we  sow  one  or  two  very  serious  biases  of  mowo- 
tain  sickness.  While  not  much  troubled,  K.  and  I  found  prolonged 
hard  work  very  fntijjuing.  and  any  sb^ht  extra  exertion  at  once 
increased  the  action  oi  the  heart).  I  went  down  wiLli  L..  and  in 
the  afternoon  had  a  rough  K.A.  clamp  made  in  Colorado  Springs. 

JiTNE  23.  Left  L.  at  Manitou,  and  went  up  on  the  morniny 
train,  taking  with  me  an  express  box  containing  the  telescope 
tal>e  to  be  used  with  the  spcctroheliograph.  In  the  afternoon 
fitted  spectroheliogrnph  to  mounting,  and  prepared  it  for  use. 
In  the  evening  fouml  that  the  silvered  glass  mirror,  which  was  in 
perfect  conditiun  n  few  days  before,  was  badly  tarnished.  Tele- 
graphed Brashcar  for  silvering  materials. 

June  2t.  Armngcd  a  canvas  cover  to  protect  apparatus  when 
not  in  use.  Commenced  adjusting  minor.  Snow  storm  came  up, 
so  went  down  to  Manitou  with  K.  on  afternoon  train. 

Puring  our  stay  on  the  Peak  we  found  that  the  sky  was 
usually  cloudless  in  the  early  morning,  but  every  day  with  great 
regularity  cumulus  clouds  comnieneed  to  form  about  the  Peak 
Iwtvvecn  nine  and  ten  o'clock,  and  by  eleven  o'clock  the  sky  was 
generally  covered  with  them.  In  going  up  from  Manitou  I  ob- 
served the  sky  near  the  Sun  at  altitudes  ranging  from  8.000  lo 
14,4)00  feel,  and  found  a  steady  decrease  in  the  hrighlitcss  as  the 
snmmit  was  approached.  At  times  during  the  first  few  days  the 
sky  appeared  blue  nearly  U])  to  the  Sun's  lind),  but  later  extensive 
fires  in  the  fLtrvsts  to  the  soutli  sent  up  great  volumes  of 
smoke,  whieh  spread  over  the  sky.  and  increased  its  whiteness. 
I'ires  also  appeared  in  other  direciions.  and  when  \vc  left  for 
h<»nic  on  July  A  the  Peak  was  encircled  with  fires,  and  the  sky 
was  very  white. 

Ji-NK  2.').  .\i  Manitou  House.  Sky  cloudy  in  the  morning, 
stonn  in  the  nftenmon, 

JuNR  2o,  Went  up  on  monrning  train.  When  we  reached  the 
sununii  the  sky  waselouded  over,  and  soon  nfter  hail  l>egan  t'»  fait. 
Slnrm  continued  with  bail  and  snow  all  the  arternoiin.and  jit  times 
wind  velocity  wns  over  70  miles  per  luiur.  Sky  cleared  at  sunset. 
Improvised  a  dark  room  in  the  kitchen  of  the  Weather  Bureau 
Staton. 

June  27.  Worked  on  adjustments  of  apparatus.  Cloudy  most 
of  the  aftciaoon. 

Jink  2H.  Continued  work  on  spectroheliograph  adjustments. 
Optically  ihe  instrument  leaves  nothing  to  be  desired,  but  there 
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is  some  spring  in  the  levers,  and  as  our  only  sonnw  of  pmrare 
wns  n  pail  of  water  a  few  feet  above  the  iostrumcnt  on  the  roof 
of  the  Station,  the  clepsydra  did  not  work  well.  A»  tlic  prism  ia 
no  longer  at  position  of  minimum  deviation  for  K  when  the  ultt* 
are  out  of  the  center  of  the  6eld  it  was  difficult  to  itdjuKt  levers  «a 
that  this  line  would  stay  on  the  second  slit,  but  nt  last  this  w«a 
accomplished.  Made  Arst  exposure  at  12  h.  Received  ailvenni^ 
materials  from  Brashcnr,  and  re-silvered  mirror  in  the  eventnjr. 

Jt'NK  2U.  Cloudy  all  day.  K.  and  I  walked  down  to  Aiuniioa 
in  the  afternoon  throuf^h  a  heavy  snow  storm,  with  much  thun- 
der and  lightning.  Wc  could  hear  the  continual  hissing  of  the 
brush  discharge  from  the  corners  of  the  metallic  ro«f  of  the 
Station,  and  from  the  pointed  wires  set  in  tlie  top  of  every  tele- 
graph pole.  The  storm  was  local,  as  wc  cmer;;ed  into  bright  *uo- 
sltine  about  two  miles  below  the  sumioil.  As  seen  Irum  .Munitoa 
the  f  eak  wa»  covered  with  clouds  the  rcsL  of  the  day. 

Jt'NC  30.  Went  up  with  K..  on  morning  train.  Clouds  cunie  up 
so  rapidly  that  we  had  time  for  but  one  exposure.  Sky  rather 
white,  in  the  evening  the  Icleccopc  was  left  uncovered  for 
photographing  the  .Moon,  but  a  cloud  suddenly  came  over  tlie 
mountain  and  every  part  of  the  instrument  wn*  drcncbcil  *>c^''»re 
it  could  l>ecover«l. 

Ji'LV  I.  Made  third  exposure  at  9''  15"',  sky  hnjy,  imrrtir  in 
bad  condition.  Plaie  4,  9"  40"';  sky  milky  near  Sun;  tried 
several  speeds  of  clepsydra.  Plate  5,  10"  UO".  sky  fnir:  passing 
clouds.  Pliilc  6,  10"  45"',  sky  good;  clouds  p.isstng  over  Sun. 
Plate?,  ll''  15"',  sky  good  at  iimcs.  but  clouds  parsing  uver  Son 
during  exposure,  as  in  case  of  Plates  5  and  ti.  Further  work 
preventetl  by  clouds. 

An  attempt  was  made  to  photograph  the  sjtectrDm  of  tbe 
Moon  in  tbe  evening,  but  a  clond  covered  the  mountain  just  after 
the  exposure  commenced. 

Jri.v  2.  It  was  found  that  tbe  heavy  canvas  used  to  cover  tbe 
telescope  so  disturbed  the  adjustments  by  pressure  on  the  leven 
that  much  time  was  requireil  each  morning  to  re-Hfljust  the  '■\kc- 
iroheliognipli.  Made  several  exposures;  sky  very  while,  fhir- 
ing  last  exposures  swarms  of  insects  (also  seen  on  previcins  dayl 
were  seen  almvc  the  mountain  in  the  direction  of  the  Snn.  Tlie*e 
n<Idctl  cnrisidcrnbly  to  brightness  of  sky.  At  IT'  15'".  when  work 
was  stot)ped  by  clouds,  the  sky  was  very  cnrcrulty  exnmi'ned, 
The  Sun  was  seen  to  1m?  surrounded  by  a  great  white  hnze,  whicii 
grew  rapidly  brighter  nenr  the  limb. 

JtTi,v  3.  Smoke  from  forest  fires  increased  so  rapidly  that  noth- 
ing more  could  \ie  done.     Packed  np  apparatus. 
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July  4.  Went  down  to  Manitou,  passing  very  dcjir  a  forest 
fire  on  the  way.    Left  the  same  afternoon  for  Chicngo. 

Whatever  one's  confidence  in  the  method  employed  in  these 
experiments,  it  is  not  very  surprising  that  the  negatives  ob- 
tained under  such  conditions  failed  to  show  any  trace  of  the 
corona.  Not  only  was  the  purity  of  the  sky  destroyed  by  the 
smoke  from  the  forest  fires,  but  the  lack  of  sufficient  water 
pressure  for  the  clepsydra  made  the  motion  of  the  slits  ven,- 
irregular,  and  the  varintions  in  friction  nnd  speed  caused  such 
springing  in  the  levers  that  the  K  line  must  have  been  frequently 
off  the  second  slit.  The  clepsydra  had  been  designed  for  use  with 
a  much  higher  pressure,  and  when  this  could  noc  be  obtained  it 
failed  to  communicate  to  the  slits  the  necessary  smooth  and 
uniform  motion.  There  can  also  be  no  doubt  that  it  is  undesir- 
able, -with  a  spcctro heliograph  of  these  dimensions,  to  move  the 
slits  far  out  of  the  position  of  minimum  deviation.  As  I  hare 
already  mentioned,  the  spectroheh'ograph  wns  extremely  satisfac- 
tory from  an  optical  point  of  view,  and  the  amount  ol  dilfusc 
light  w^as  very  small.  The  dust  constantly  blowing  into  the  tele- 
scope tulK-  and  'tn  to  the  mirror,  was  very  troublesome,  and  the 
frequent  use  of  a  soft  cnmelS  hair  brush  did  not  ituffice  to  keep 
ttic  mirror  free,  as  much  dust  accumulated  during  the  exposure. 
Silver  is  so  soft  that  microscopic  scratches  are  always  cut  in  it 
when  polishing.  On  account  of  its  comparative  hardness  and 
freedom  from  liability  to  tarnish  sjieculum  metal  is  to  be  pre- 
ferred to  chemically  deposited  silver  for  work  on  the  corona.  A 
still  better  form  of  mirror  will  be  mcniionc*!  Ixrlow. 

I  dtrsire  to  express  the  thanks  ofour  party  to  K.  K.  Cable.  Esq., 
President  of  the  Chicago.  Rock  Island  and  [*ncific  R.  R.,  thronuh 
whoM-  courtesy  we  were  supplied  with  round-trip  tickets  from 
Chicago  tu  Manitou.  and  to  Messrs.  McGuincss  and  Myers,  the 
representalive»  of  the  Weather  Bureau  at  the  Pike's  X'cak  Sta- 
tion, for  their  constant  kintlness  and  frequent  nssijitunce  during 
our  stay  on  the  Teak.  To  Mr.  Cable,  Manaffcr  of  Che  Pike's 
Peak  K.  R.,  we  are  also  indebted  for  ninny  favors. 

A  word  as  to  the  suitability  ul  Pike's  Peak  as  a  site  for  astro- 
noraical  observation.  When  free  from  the  disturbing  cflt-ct  of 
forest  lires  the  sky  is  of  n  very  deep  blue  at  the  renith,  and  when 
the  conditiirns  are  vcrj'  favorjible  the  blueiic-is  persists  up  to 
within  a  short  distance  of  the  Sun,  losing,  however,  much  of  its 
depth  of  color,  (hiring  the  entire  time  of  our  stny  the  stars  ap- 
peared to  be  little  or  no  brighter  when  seen  from  the  Peak  than 
-when  seen  from  Manitou.  8,00U  feet  liclow.    The  scintillation. 


even  near  the  zenith,  was  alwnys  very  marked,  and  at  no  tiatj 
dnring  our  stay  would  the  seciiiK  have  been  even  fair.     In  thi«  fr- 
gard   our  experience  agrees  closely    with  that   of  the   IDirvanl 
Observatory  party,  which  visited  the  F'cak  some  years  ago.    The 
altitude  of  the  summit  (14.147  fctrt)   i»  not  greatly  inferior  tO| 
that  of  Mont  Blanc  (15,780  feet),  and  the  railroad  which  ascentb 
from  Mnnitoa   is  a  great  convenience.    For  such  obiwm-atioiB 
as  require  a  blue   sky   rather   than  good  seeing.   Pike's  Peikj 
(when  not  surrounded  by  forest  fires)  would  seem  to  offer  somcj 
important  practical  advantages  over  other  mountains  of  c<jda] 
altitude,    lit^t  if  good  seeing  is  essential  the  Peak  is  not  to  be 
recommended. 

The  Kxi'EDiTiON  to  Mount  Et.sa. 

During  Professor  Tacchini's  visit  to  Chicago  in  August,  1893. 1 
discussed  with  him  the  problem  of  coronal  photography,  and 
described  our  unsuccessful  expedition  to  Pike's  Peak.  His  obser- 
vations made  on  Mount  Etna  had  convinced  him  that  the  Bel- 
lini Observatory  (altitude  2042'")  would  be  a  suitable  place  for 
the  couiinuution  t>f  my  experiments,  especially  as  tlie  X2-incfa 
c(|uatorial,  mounted  under  an  excellent  dome,  would  serve  ad> 
mtrahly  to  carry  theappariitus.  The  cordial  invitntiun  which  be 
extended  on  the  pan  of  Professor  Riccfi  and  himsell  Jed  to  oar 
deciiijon  to  make  an  expedition  to  Mount  Etna  in  the  spripi; 
summer  of  1894. 

It  had  been  my  intention  to  employ  on  Mount  Etna  the  np}iA< 
rntus  used  nt  I*ike*8  Peak,  and  some  changes  were  made  in  it  fi 
the  purpose  of  correeting  the  defects  discovered  in  the  course  of 
our  previous  experiments.  But  during  the  winter  Mr.  Rnnyard 
visited  uk  in  Berlin,  Jind  was  kind  emmgh  to  propose  that  I  miilce 
use  of  a  spectroheliograph  to  be  built  by  Otto  Toepfcr,  of  Pols- 
dam,  fttr  the  18-inch  reflector  of  his  London  Observat<»ry.  1  take 
this  opportunity  to  express  to  Mr.  Ranynrd  my  warmest  thiink« 
for  his  kindneKK  in  allowing  me  to  design  rlic  si>cctrohcliograp' 
as  well  as  to  employ  it  in  the  work  nt  Mount  Kma. 

Experience  with  many  forms  o(  spcctroheliogruph  hms  clearly 
demonstrated  that  the  instrumeul  should  be  so  constructed  Ihn 
the  line  of  the  spectrum  can  be  most  easily  kept  on  the  s4.>cond  »h 
during  the  exposure.    1  have  already  pointed  out*  the  l>e»t  meatt 
of  acconi)>lishiTig  this,  and  in  designing  the  instruments  used  in 
the  6r»t  experiments  in  coronal  photograiihy  tlic  mechanical  ad- 
vantages of  this  type  were  fully  rccngnisccd.    It  was  feared,  how- 
"  Attronomx and  Astn>-PbrticB,  Marrh,  lH(t3.  p.  350. 
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ever,  that  the  ase  of  n  reflwting  surface  in  the  jmsm  train  would 
l>c  seriously  (lisa(1vant«>;eous  in  the  delicate  work  on  the  corona, 
though  not  objeclionnlilc  for  investigations  of  the  chromosphere 
and  prominences.  Hni  the  necessarily  short  focal-length  of  the 
collimator  and  teleset>i)e  inlroduce<l  such  difficulties  in  the  use  of 
movin}]^  slits  that  it  was  finally  decideil  that  the  mechanical  ad- 
vantn^es  of  the  speetrohelio^rnph  with  fixed  slits  would  out- 
weigh the  sli;;ht  ohjectious  lliat  nn>{lil  he  urRcd  against  it  from 
an  optical  point  of  view.  This  reason,  and  the  fact  that  the  ap- 
paratus was  ultimately  intended  for  prominence  work,  decided 
me  in  favor  of  the  desi|^i  outlined  in  Fig.  3.  I'late  XXVIJ,  and 
shown  in  more  drlail  in  Plate  XXVIll. 

Theeolliniatorand  telescope  are  of 'JHInchcs  clear  aperture  and 
H=^i  inches  local  lenj^lh.  and  are  rijjidly  fixed  with  their  axes  par- 
allel.   The  objectives  arc  focussed  .simultitneonsly  by  turning  a 
steel  rod  carrying  both  pinions,  and  their  position  is  given  by  a 
millimeter  scale  on  the  collimator  tul)c.    The  frame  which  cairies 
the  telescopes  sup(iorts  also  the  tight  metallic  box  containing  the 
prism  train  (which  is  i)erninnently  tisced  at  the  position  of  mini- 
mum deviation  lor  K),  and  the  whole  can  be  moved  in  the  plane 
of  dis(>ersiou  on  eight  groovnt  wheels  running  on  four  knifc-cdgc 
rails  attached  to  the  top  and  bottom  of  the  outside  supporting 
steel  frame.    The  hi-st  slit  is  \%  inches  long,  with  one  jaw  fixed, 
and  the  other  adjustable  in  width   by  means  of  a   micrometer 
liead.    A  narrow  steel  arm,  carrying  a  blacliened  disk  slightly  ex- 
ceeding the  solar  image  in  diameter,  can  Ik-  swung  inm  nr  out  of 
place,  thus  provi<ling  a  means  of  excluding  direct  sunlight  from 
the  B|)ectroheIiograph.    The  second  slit  is  of  the  same  length,  hr 
the  first,  nud  has  blackened  jaws  curved  to  correitpond  with  the 
eur^-aiurc  of  the  K  line.    Fiy  aienns  of  a  6iic  screw  the  slit  can  he 
moved  as  a  whole  in  the  focal  platve,  thus  allowing  the  dark  K 
line  to  be  brought  centrally  between  the  jaws.    The  slit  is  then 
narrowed  down  to  the  proper  width,  both  jaws  being  moved  to. 
gethcr  toward  the  center  by  means  of  another  micrometer  screw. 
As  the  slit  cannot  conveniently  be  observed  directly  when  the  ap- 
paratus is  in  use,  it  is  viewed  through  a  microscope  of  low  mag- 
nifying power  with  diagonal  prism.    The  metallic  plate-holder 
carries  plates  25  X3,'fl  inches, and  is  held  in  a  light-tight  b<»x  with 
the  sensitive  surface  of  the  plate  in  the  focal  plane.  After  the  slide 
is  drawn  the  second  slit  is  brought  almost  into  contact  with  the 
plate  by  means  of  a  rack  and  pinion  on  the  telescope  tube.    The 
objectives  and  prism  train  are  of  careftilly  selected  glass,  and 
were  specially  made  for  this  apparatus  by  the  Zeiss  Optical  Co., 
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uudcr  the  direction  of  Professor  Abbe  nnrt  Dr.  Cznpski.  i<>  w 
I  am  inJcHtcd  for  undertakinpf  the  cnlculntion  of  the  cums 
objectives  best  suited  to  the  piiri")"^  in  view.  The  large  sixeof 
tlic  prisms  was  rendered  nccossnry  !iy  the  short  focnl  Imjcth  ni 
Air.  Rnnyanl's  reflector.  The  advantages  of  this  form  of  » 
trolieliopraph  are  very  evident  tn  this  connection,  for  writh  mo 
ing  slits  the  prisms  would  have  to  be  much  larger.  I  shontd 
course,  have  prcferrc*!  to  use  a  collimator  and  tel«K:o|>c  of  x 
the  focal  length  of  those  here  employed,  but  tUia.  for  ubrioin 
reasons,  wa.**  out  of  t}ic  question.  Had  it  been  possible,  on 
prism,  with  the  reflecting  prism,  would  have  been  suffii 
With  the  short  collimator  and  Iclcscope.  and  the  low  titspern< 
of  the  hght  crown  glass  of  the  prisms,  the  K  line  is  only  about 
^\„  of  an  ^  inch  wide,  and  it  could  not  advaiitageoualy  l>e  oar^ 
rower.  The  clepsydra,  which  is  not  shown  in  the  drawing,  iH 
similar  to  those  employed  at  the  Kenwood  Olwervntory.  It  i« 
attached  to  one  side  of  the  outer  frame,  nud  the  piston  rod  t* 
screwed  to  a  projection  on  the  side  of  the  collimator  nrnr  the  ob- 
jective. A  cord  is  attached  to  a  ring  on  the  movable  frame,  and 
after  passing  around  two  ])ulleys  on  the  fixed  frame,  and  one 
hanging  from  the  dome  of  the  Observatory,  it  terminates  in  an 
iron  weight.  This  furnishes  the  moving  power,  and  the  clciwydni 
acts  merely  as  a  regulator  of  the  speed,  the  hquid  (a  mixture  of  1 
part  glycerine  and  20  parts  water)  being  forced  throtij^h  a  brass 
pipe  from  one  end  of  the  cylinder  to  the  other-  A  iiiicrometer 
valve  in  the  pipe  regulates  the  size  of  the  opening  nnrt  e^r'^ 
qucntly  the  si>ced  of  the  i>istoa.  This  simple  means  of  pro4lu<:i  , 
a  unil'orm  rectilinear  motion  is  verj'  satisfactory,  as  the  move- 
ment is  smooth,  and  its  rnpiditv  can  be  varied  within  wide  lim- 
iU. 

The  spcctrohcliograph  was  carried  in  the  skcleti>n  iron  fmiac 
previously  used  with  the  lake's  Peak  instrument,  and  the  »auic 
tc1cftco[)c  tulles  and  support  for  the  mirror  were  used.  The  nlver- 
on-glass  mirror  was  replaced  by  a  ^-Jnch  mirror  of  bjiccuIuid 
metal  by  Brashear  of  the  same  focal  lengtli  (+8  inches).  Tbc 
telescope  tu1>cs,  and  the  collimator,  telescope  and  prism  train  of 
the  spectroheliograph  were  provided  with  a  large  number  of  dia- 
phragms to  guard  againtit  dili'use  tight.  ^ 

Through  the  kindness  of  Dr.  Kubcns  nn  attempt  was  made  -t^l 
Ihe  Physical   institute  of  the  University  of  Berlin  to  deposit  «^ 
fihn  of  platinum  and  gold  on  my  glass  mirror  by  an  clcctrirsl 
process  used  with  great  success  in  silvering  smaller  mirrorv.    Tlw     { 
advantages  of  such  a  mirror  for  the  Mount  Etna  eji|>etiitiu« 


w«)u]d  lie  in  its  freedom  from  nttack  by  the  sulphurous  fumes, and 
in  the  perfect  iioHsh  of  the  surface,  for  with  the  electrical  process 
no  hand  polishing  is  nccessnry,  and  the  mirrors  are  consequently 
wholly  free  from  microscopic  scratches.  A  Inrge  number  of  ex- 
l^wriments  were  made,  but  it  was  found  impossible  to  get  a  satis- 
factory deposit  o(  platinum  and  gold  on  so  large  ii  surface.  Of 
course  silver  conld  not  be  used,  on  account  of  the  sulphurous 
fnnies  of  the  volcano.  My  thanks  arc  dne  to  Dr,  Rubens  for  the 
numerous  attempts  he  was  kind  enough  to  make  in  the  hope  of 
securing  the  desired  deposit.  It  ii  to  lie  ho|3cd  that  future  im- 
provements of  this  process  may  render  possible  the  production  of 
perfect  platinum  and  gold  films.  The  silvered  mirrors  are  to  be 
highly  recommended  when  circumstances  permit  of  their  uM, 

Our  party,  consisting  of  Professor  RiccA,  Director  of  the  Bellini 
ObstTvatorics  of  Catania  and  Etna,  Sigiionna  Riccil.  Antouino 
Capra,  mechanician  of  the  obser\'atone8,  Mrs.  Hale  and  the 
writer,  Ic/t  Catania  on  July  7.  1894.  After  a  drive  of  three  hours 
wc  arrived  at  Nicotosi,  where  wc  spent  the  night.  I  refer  to  our 
note-book  for  the  following; 

Jixy  8.  Left  Nieolosi  at  G  a.  u.  Our  parly  had  been  joined  by 
Antonio  Galvagno,  custodian  of  the  Etna  Observatory,  and 
Santo  Messina, assistant.  Ten  mules  managed  by  three  muleteers 
were  needed  to  carry  the  members  of  the  parly  and  the  appa- 
ratus, provisions,  etc.  Arrived  at  Casa  del  Rosco  { 1450""  J  at 
S*"  30"'.  Examined  sky  frequently,  and  found  slight  decrease  of 
whiteness  as  wc  ascended.  Crossed  lava  stream  of  1892,  and  had 
excellent  view  of  the  craters  of  that  year,  the  latest  of  which  still 
emits  vapor.  Arrived  at  the  Obser\-ntory  at  l"*  35"'.  The  tem- 
perature had  fallen  to  U"  C.,nnd  the  sky  was  nearly  covered  with 
clouds.  Half  an  hour  later  we  were  en%-eloped  in  cloud,  which  sur- 
rounded us  until  evening,  when  sky  was  whitish,  with  marked 
halo  around  Moon.    Stars  unsteady,  even  in  zenith. 

jn,v  9.  Sky  clear,  with  strong  wind  blowing  the  smoke  from 
the  great  crater  (which  rose  behind  the  Observatory  to  an  alti- 
tude of  3312'")  away  from  the  direction  of  the  Sun.  Half  the 
Island  of  Sicily  was  dimly  visible  from  the  tJbservatory  through 
a  great  brown  bank  of  thick  haze,  the  upper  surface  of  which 
seemed  to  be  nearly  on  n  level  with  us.  Cnmulus  clouds  com- 
menced to  form  at  'J*",  and  soon  the  sky  was  nearly  covered.  At 
J'J^  the  Sun  was  seen  between  passiuR  clouds  to  be  surrounded 
with  a  bright  halo.  Unpacked  and  cleaned  apparatus,  put  part 
of  it  together  and  made  fittings  for  attaching  it  to  tube  of  12- 
iiKh  telescope.  Wind  changed  to  west  in  the  afternoon,  and 
sky  became  much  whiter. 


Jruv  10.  Wind  blew  smoke  of  grtnt  crntrr  over  San, 
ing  sky  very  wliitc,  Ob»crvc<l  Sun  with  J'rofcssor  Kicco  by 
jection  with  12-inch  tcl«»copc.  Inmg«  rather  better  than  ai 
Cntnnin,  but  becnmc  unsteady  later.  At  Id''  ttomc  -  "  itnu- 
lus  clouds  bud  fortned,  and  Sun  was  »ut'roundeti  by   <  lain^ 

Clouds  of  insects  were  also  noticed  in  direction  of  Snn,  a* 
Pike's   Peak.    Observed  prominences  with   r*i  ■  "' 

images  were  iu>  better  than  at  Catania.    At. 
graph  to  telescope  tube  (see  Fig.  2.  Plate  XXX).    At 
watched  shadow  "I"  Ktna  from  the  Torre  del  Filosofb.    V' 
covered  with  dense  haze.      .\t  7''  30"'  made  exposure*  *.»> 
with  HuB};ins  coronagrupb.but  obtained  nothing  with  4  nccoot 

JfLv  11.    Sky  very  white,  brijjiht  rin^  jiround  Sun.     *"'' 
atmoitpheric  line»  with  direct  vinfton  »ix*ctro»co(H:.     Uulitii> 
sco}>e,  and  oliservcd  Sun  by  projection.    Seeing  excellent,  gmni 
lation,  spots  and  fnculit  well  dctined.    Stronji   '  .* 
Attached  cleiw-ydra  and  lV«uud   mution  of  s|»ccli  ■    ■ 
be  very  unifurro.    Adjusted  mirror,  iiod  found  eScctivc  aperti 
lo  be  3H  inches.    Adjusted  s|)cclroIieliograpb;  dcT 
iruui  excellent;   very    little  dilVuae    light.    Made 
graphs  uf  s[iectrum  for  focus.    With  3  socunds  vxpusorc  all  came 
out   positives    (using  dirci.-t  sunlight),    Made   an  c 
facuUv;  niotitni  jKrrfect,  and  cxposuix*  unilunn  clear  n>.-' 
At  Bunsct  visited  Valle  del  Bovc.   Sky  filled  with  linxe,  and  almi 
toubrifjht  for  the  eye  Id"  fnun  Snn,    Prnfi-vsor  Rii 
ex]msures  on  Moon  with  Ilu|^in8  L-(irfitKi>;raph. 
with   4  seconds.    Photographed  lunar  s|>ectrum  with  s| 
hclioijraph.  and  nbtair.ed  fair  result  with   -Ml  iur<        '  -« 

(Schlenjisncr  plate).     If  the  lower  curnna  wen."  ii'i        ,.     .      iH 
the  Moon  in  first  tpiurter  and  the  second  slit  were  ft»  of  an  it 
wide,  the  movement  i>f  the  siKctrohclingi. 
16ti  minnles,     The  diamcicr  of  the  stilar  in 
and  amotion  of  the  slits  of  perhaps  H  inch  might  sofHec  lo 
dicnte  the  presence  of  coronal  structnre.    As  the  full  M 
considerably  brighter  than  the  Moon  at  first  cpiartcr,  nn^ 
inner  corona  is  probably  brighter  than  the  full  Moon,  a  root 
of  W  inch  in  25  minutes  should  suffice. 

Jt'i.v  12.    Sky  vcr>-  white.    Wind   still  blowing  sniuke  froB 
crater  over  Son.    Bank  of  haze  above  level   of  Ob«enraC( 
Observed  Sun  by  projection   with   Profc4.Hor  Rite?*; 
steady.    Made  several  photographs  of  spectra  nntl  lu 
with   spec tro heliograph.    Improved    adjustment    of   mirror 
focus.    Climbed  lo  top  of  great  crater,  and  found  sky  in  zenitli' 


of  deeper  blue  than  when  seen  from  Observatory.  Whole  iBlaiul 
enveloped  lu  haze.  Descended  to  Observatory  by  nioonti^ht; 
double  halo  around  Mooii.  Observed  Moon,  Saturn  and  scvernl 
stars  with  the  12-inch,  using  powers  up  to  430.  Seeing  magtsiti- 
cciit;  images  almost  perfectly  steady  with  tiighest  power.  Both 
Moon  and  Saturn  were  very  low,  but  images  were  remarkably 
good.  With  naked  eye  scintillation  was  hardly  perceptible  m 
stars  htglier  than  3U^. 

JULV  13.  Wind  blowing  from  direction  of  crater,  but  sky  best 
since  July  9.  Sky  cloudless  and  gcueralty  whitish,  but  increase  in 
brightness  toward  Sun  was  gradual.  Much  dust.  Telescope  in 
use  until  *S*  40'"  by  Professor  Riccd  for  daily  record  of  chromo- 
sphere. Prominences  very  well  seen.  At  y*"  5<V"  broad  and  bril- 
liant ring  of  whiteness  around  Sun.  making  it  useless  to  try  for 
corona.  Smoke  blowing  directly  over  Sun,  and  diffusing  through 
entire  sky.  Solar  image  observed  by  projection;  definition  verj- 
poor.  At  II"  sky  had  improved,  and  preparations  were  made  to 
photograph  corona,  but  five  minutes  later  more  smoke  blew 
over  Sun,  and  sky  Ixcarac  very  white.  Mirror  found  to  be 
dewed,  and  surface  badly  tarnished  by  the  sulphurous  fumes, 
though  it  had  Iwen  tightly  covered  cvcrj-  moment  it  was  not  in 
use.  Sky  around  Sun  remained  bright,  and  wind  was  so  %'iolent 
that  no  photographs  could  be  made.    Strong  sulphurous  odor. 

JCLY  14.  Smoke  blowing  across  Sun.  Strong  sulphurous  odor- 
Whole  eastern  sky  white.  Prominences  fairly  well  seen  at  7"  45". 
Professor  Ricc6  made  several  facula  plates  with  spcctrohelio- 
graph.  Took  out  the  tarnished  mirror,  but  left  apparatus 
attached  to  telescope,  carefully  wrapped  up  to  protect  it  from  the 
sulphurous  vapors.  Left  Observatori-  at  S**,  and  arrived  at 
Catania  about  midnight. 

JtXV  15.  Left  Catania  for  Rome.  During  the  journey  to  Mes- 
sina heavy  clouds  came  up  from  the  west,  and  when  we  last  saw 
the  Island  after  leaving  Keggio  it  was  almost  hidden  by  clouds, 
with  Etna  faintly  visible  through  a  thick  haze. 

Before  leaving  Catania  I  eleane4.l  an<l  polished  the  mirror  as 
well  as  I  could,  but  the  result  of  the  action  of  the  sulphurous 
vapors  of  the  volcano  remained  plainly  visible  in  spite  of  my 
efforts  to  remove  it.  The  apparatus  had  been  left  on  the  moun- 
tain, as  Professor  Kiccd  had  kindly  consented  to  attempt  to 
photograph  the  corona  with  it  in  August,  if  the  weather  and  sky 
were  favorable.  It  had  been  hoped  that  the  platinnm-gold 
mirror  mentioned  above  would  \x  ready  for  use  on  this  occasion, 
but  failure  to  produce  a  perfect  surface  left  him  only  the  tarnished 
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speculnni  metal  mirror,  and  good  results  could  hardly  be  eK| 
from  this. 

As  I  am  assured  by  Professors  TacThini  and  RicciS  that  ilie 
is  frequently  vtr>*  good  on  Etna  1  conclude  that  the  difficuH 
we  encountered  were  exceptional.  D«rin>;  the  entire  time  of  our, 
stay  in  southern  Italy  and  Sicily  the  ntmosphere  was  verj-  lit 
and  the  sky  was  rarely  of  a  deep  blue.  I  was  told  by  GaWa^ 
the  custodian  of  the  Ktna  Observatory,  that  the  smoke  this  year 
hasbeen  much  more  noticeable  than  usual.  If  the  wind  had  bloMm' 
it  away  from,  instead  of  toward  us,  the  sky  would  probably  have 
Ix-en  good,  though  I  think  by  no  means  equal  to  the  sky  seen  on 
Pike's  Peak  during  the  first  part  of  our  stay. 

I  take  pleasure  in  acknowledging  our  sense  of  deep  indebtedacn 
to  Professor  Tacchini,  and  to  Professor  Riccft  and  his  aaa^, 
tants,  for  them  any  farors  shown  us  during  our  stay  in  Itah'.j 

Suggestions  for  Future  Work, 

While  it  can  hardly  be  said  that  the  results  of  my  vat 
attempts  to  photograph  the  corona  witliunt  an  eclipse  have  bcoti 
at  all  encouraging,  I  have  by  no  means  abandoned  hope  that 
method,  if  fairly  tried  under  good  conditions,  may  yet  Ijc  sue 
ful.  In  choosing  a  site  great  care  sliould  be  taken.  On 
Peak  the  dust  was  very  troublesome,  and  a  small  bellows 
therefore  provided  to  Ije  used  on  Mount  Etna  to  blow  the 
from  the  mirror  during  the  exposure.  There  was  much  more 
dust  on  Etna  than  on  the  Peak,  and  the  bellows  would  have  been 
useful  had  it  beeti  possible  to  carry  out  the  proposed  experiments 
on  the  corona.  A  siiow-covere<l  peak  might  offer  important 
advantages  in  this  and  in  other  particulars.  The  season  chosen 
should  naturally  be  not  far  from  the  sunnner  8<il8tice.  but  the 
local  nietcorlogical  records  should  l)c  cousuUcd  Ijefore  fixing  the 
time.  An  altitude  of  at  least  13,000  feet  should  t>e  selected,  and 
the  higher  one  goes  the  better.  A  low  latitude  would  naturally 
be  preferred  to  a  high  one,  on  account  of  the  allitude  of  the  Sua. 

In  conclusion,  I  may  say  that  the  investigation  lias  been  a  fas- 
cinating one,  in  spite  of  its  succession  of  failures.  Oa  account  of 
the  importance  of  discovering  souie  means  of  observing 
corona  without  au  eclipse,  it  is  to  be  hoped  that  others 
think  it  worth  their  while  to  continue  the  attack  on  this  dtflic 
problem. 

Kbswood  Observatorv,  University  of  Chicago. 
Sept.  7, 18*J4. 


AriDKimrM.  The  following  extracts  arc  from  a  letter  reccired 
from  Professor  RiccA  just  as  the  article  is  going  to  press. 

Cataxia,  Aug.  31, 1894. 

"I  rlid  not  return  from  the  Etna  Observatory  until  Monday 
(Ang.  27)  as  the  weather  continued  unfavorable  after  your  ap- 
paratus was  once  more  ready  for  tiae.  On  the  24th,  however, 
the  sky  was  absolutely  blue  up  to  the  Sun,  and  around  it  there 
was  no  lialo ;  on  the  a^th  it  was  cloudy,  and  on  the  2<ith  the  Sun 
was  surrounded  by  n  faint  whitish  halo  on  a  blue  sky.  The  gold- 
platinum  mitTur  did  not  reach  me,  and  the  other,  as  you  know, 
was  very  considerably  tarnished,  and  perhaps  still  more  so  after 
theexijeriments  I  had  made  in  photographing  the  corona.  I  at- 
tempted to  polish  it,  as  you  had  done,  with  distilled  water  and 
alcohol  applied  with  absorbent  cotton;  learned  this  operation 
to  such  a  point  that  in  the  shade  the  mirror  appeared  quiteclcan, 
but  in  the  sunlij;ht  a  veil  of  oxide  or  sulphur  was  still  visible,  and 
I  had  to  use  the  mirror  in  this  condition. 

1  made  about  twenty  photographs  of  the  corona — seven  of 
them  on  the  24-th.  when  the  sky  near  the  Sun  seemed  to  be  i>erfect. 
1  saw  immediately  that  the  necessary  exposure  was  ranch  lew 
than  the  estimated  value:  37  minutes  for  11  mm.  With  an  ex- 
pfwurc  o(  37'"  for  the  entire  run  of  the  spectrohcliograph  the 
sky  around  the  Sun  is  so  dark  that  no  trace  of  the  corona  can  l)c 
seen.  But  with  exposures  ranging  from  1  to  10  minutes  for  the 
whole  run  of  O^.OS,  coronal  images  are  obtained.  .\s  you  will 
see  in  the  plates  which  I  send,  the  corona  is  plainly  visible,  and  is 
better  than  that  obtained  with  the  Muggins  apparatus,  n  copy 
of  which — one  of  the  last  attempts  I  made  on  Etna  when  the  sky 
was  very  good — I  also  scud  you.  But  this  advantage  may  be 
only  apparent,  and  due  to  the  smaller  sire  of  the  solar  image  in 
your  apparatus.  I  have  not  l>ecn  able  to  sec  details  or  indica- 
tions ofstnicture  in  the  corona, and  this  leads  me  to  suspect  that 
we  arc  still  dealing  with  an  atmospheric  corona.  It  is,  however, 
remarkable  that  while  nothing  was  visible  to  the  eye  near  the 
Sun,  your  appara.lus  gives  a  corona  marked  by  a  rift  which  is 
obscure  in  the  light  of  the  atmosphere!" 

The  photographs  of  which  Professor  RiccA  speaks  have  not  yet 
arrived,  but  the  short  cxposui^es  with  which  they  were  obtained 
seem  to  be  insnffiicient  to  show  the  true  corona.  On  account  of 
the  large  aniountof  diffuse  light  which  the  tarnished  mirror  must 
have  given  rise  to,  it  is  not  surpri.sing  that  the  sky  around  the 
Sun  was  fogged  with  the  longer  exposures. 


WlK'ti  Dr.  Schc'iner'«  "Spcctralanalvsc  dcr  GcsUnjc'*  appcnnd, 
about  the  end  of  1890,  it  took  its  place  at  once  as  the  KUindard 
treatise  on  astronomical  spectroscopy.  There  was.  in  fact,  no 
other  book  that  met  the  requirements  of  the  student  and  the 
specialist.  Tlie  well-known  treatise  of  Schellen,  excellent  of  ita 
kind  and  in  its  day,  was  of  too  popular  a  character  lor  this  pur- 
pose, and  notwithstanding  several  revisions  by  competent  ati- 
tborities,  it  bad  been  left  far  behind  by  the  advance  of  knowledge; 
so  tliat  in  1890  it  represented  very  imperfectly  the  Ktntc  of  a 
science  whose  growth  has  been  so  phenomenal  as  that  of  celes- 
tial spectroscopy.  The  value  of  Dr.  Schciuer's  book  was  at  once 
recognized.  It  was  thorough,  well  arranged  and  well  boIaiKcd; 
it  adequately  represented  the  latest  stage  of  astro-pbysicnl 
inquiry ;  and  it  was  written  in  a  clear  and  simple  style,  especially 
marked  by  the  absence  of  the  "wounded  snake"  sentenccn  and 
intricate  nests  of  dependent  clauses  which  make  some  German 
works  such  exnspcniting  reading  for  the  foreigner. 

All  these  good  qualities  arc  preserved  in  Professor  Fro«t*» 
translation,  which  follows  the  original  quite  closely  in  such  per* 
tions  as  have  not  required  modification  in  view  of  recent  discov- 
ery. The  En>jlish  work  is,  however,  very  far  from  being  a  mere 
translation.  Much  new  matter  has  been  added,  and  some  por- 
tions of  the  original,  relating  to  subjects  in  which  the  advance  of 
knowledge  has  been  most  rapid,  have  been  largely  rewritten. 
Notwithstanding  this  amount  of  additional  it:attcr,  the  size  of 
the  the  book  has  not  been  increased,  partly  on  account  of  the 
somewhat  smaller  type  in  which  it  is  printed,  but  mainly  owing 
to  the  fact  that  about  one  page  in  ten  was  saved  in  trunstaiinj{ 
from  German  into  English.  (The  conclusion  which  Professor 
Frost  draws  from  this  as  to  the  relative  compactness  of  the  two 
languages  is  [>crhaps  somewhat  too  general).  The  hook  ia  thus 
brought  fidly  up  to  the  date  of  publication,  and  since  iJje  proof 
was  submitted  to  Professor  Schcincr  for  criticism  before  printing, 
it  may  be  regarded  as  a  revised  edition  in  English  of  the  "  Spec- 

*  A  Tnatix  on  Aatronomical  Spcctntscopv ■   being  a   trttnulntUHi  of  "D» 
Spertraliinnljftcder  Gc»iirn*,"  hj  I'rofessor  Ur.J  Scbvlner.AMivtBni  m  ilir  R..\-ti 
.\ttmphv)ricnl  Obaerratory  at  PoUdBRi,    Tranfltatcd,  revi»eil  luiil  > 
Eilwiti  brnut  Frost,  M.  A.,  AasiatAitt  Ptofnaor  of  Astronomy  in  r    i 
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tralannlyse  der  Gestime."  The  treatment  of  all  recent  matter  is, 
however,  Professor  Frost's.  Owing  to  the  difficulties  ami  'lehiys 
of  communication,  it  was  possible  to  submit  only  the  electro- 
type proofs  to  Profeasor  Schciner,  and  in  these  no  changes  could 
he  made.  \\'hen  the  translator  and  the  author  differed  in  their 
views,  a  note  was  made  by  the  author,  expressing  his  dissent 
from  the  statements  in  the  text,  and  the  few  pages  in  which  these 
notes  are  collected  are  not  the  lenst  interesting  part  of  the  book. 
The  conservative  attitude  of  Professor  Scheiner  may  be  noticed 
here,  and  in  some  cases  his  caution  seems  to  be  carried  to  an  ex- 
treme. In  view  of  the  evidence  accumulated  by  Lockyer  and 
other  oIjser\*crs,  tlie  measurements  of  Rowland,  and  the  photo- 
graphic comparisons  by  Kayser  and  Runge,  most  spcctroscopists 
voiild  regard  the  presence  of  carbon  in  the  Sun  as  pretty  well 
established.  Some  adverse  comments  on  recent  observations 
have  been  slightly  softened  down  by  the  translator,  while  the 
brief  review  of  Lockyer's  nieteoritic  hypothesis  in  the  origtnnl 
has  been  altogether  omitted. 

An  important  change,  to  which  Professor  Schciner  has  given 
his  assent,  and  which  cannot  fail  to  meet  with  general  approval, 
is  the  substitution  of  Rowland's  scale  of  wnvc-lcngtlis  fur  the 
Potsdam  scale  employed  in  the  first  edition.  The  absolute  values 
arc  probably  ns  nearly  correct  in  one  system  as  in  the  other,  but 
for  spectroscopic  purposes  the  absolute  values  of  wave-lengths 
arc  of  far  less  importance  than  the  relative  ones,  and  while  the 
Potsdam  measurements  were  made  with  all  the  precision  which 
was  possible  with  the  instruments  available  at  the  time,  the 
targe  concave  gratings  and  the  photographic  methods  emj)loyed 
by  Rowland  give  his  measures  a  very  great  superiority  in  this 
respect.  A  further  reason  for  preferring  this  system  is  that  it  has 
been  adopted  by  all  recent  investigators  of  metallic  spccirn,  and 
there  ran  be  no  doubt  that  it  will  Ik-  exclusively  used  by  spectro- 
scopists  in  the  future.  At  the  same  time  a  complete  catalogue  of 
the  solar  lines,  from  measurements  of  the  original  negatives, 
would  be  very  useful,  and  it  is  to  be  hr>ped  that  such  a  eatnloguc 
will  soon  he  forthcoming. 

We  now  pass  to  a  more  detailed  comparlfion  of  the  translation 
with  the  original,  in  which,  liowevcr.it  is  only  possible  to  notice 
the  more  salient  features.  Comparatively  few  changes  have  been 
made  in  the  chnpters  relating  to  spectroscopic  apparatus.  Sclins- 
ter's  njcthod  of  adjusting  the  collimator  and  oh.'ierving  telescope 
J8  briefly  described,  and  there  is  a  paragraph  on  Lord  Rnylcigh'd 
investigations  on  the  resolving  power  of  a  spectroscope.  A  better 


figure  has  licen  introduced  to  illnstrflte  the  action  of  the  cylindri. 
cal  lens.  The  method  of  studying  ihcchnimatie  ahcrrntion  of  on 
objective  l>y  mcHns  of  its  color  curve  is  given  as  in  ihc  orifjinnl, 
but  a  knowledge  of  the  color  curve  of  a  large  telescope  is  so 
useful  in  practical  work  with  the  spectroscope  that  a  more  cc 
plcte  account  of  its  determination,  and  of  the  precuntions  n< 
(tary  to  ensure  accuracy  in  the  observations,  might  well  have 
found  a  place  in  a  book  designed  for  students. 

In  the  second  chapter  the  treatment  of  the  concave  grating  is 
considerably  expanded,  and  various  ])rnctical  details  relating  to 
its  use  arc  given.  To  the  same  chapter  have  liecn  added  a  de- 
scription of  Michelson's  intcrtercntial  refractometer  and  its  iippli- 
cation  to  the  study  of  spectral  lines,  and  an  account  of  Ualc'* 
spcctrohcliogrnph,  itinstrated  by  a  lilate.  Another  plate,  fn»i 
.AsTRONouv  AXD  Astro-Ph vsics.  shows  thc  details  of  the  \m 
spectroscope. 

Part  II,  on  8i>ectroscopie  theories  (KirchhoflTs  taw  and  lu> 
pier's  priuciplc)  has  been  left  unchanged,  except  that  two  pag< 
have  been  added  on  special  applications  of  Doppler's  principle, 
such  as  measurements  of  thc  Sun's  rotation,  the  discovery  of 
spectroscopic  binaries,  and  motions  of  gases  in  the  atmosphere  of 
the  Sun. 

The  changes  in  the  chapter  on  thc  solar  spectnim  consist 
mainly  in  the  substitution  of  more  accurate  wave-lengths  for  the 
values  given  in  thc  earlier  edition.  Thc  remarks  by  Dr.  Scheincr 
on  thc  unsatisfactory  stjitc  of  thc  wnve-Icngths  of  mctalHc  Iiric» 
now  fortunatclj-  admit  of  considerable  modification.  Ccrtiiiu 
identification  of  solar  with  metallic  lines  has  in  many  eases  tnken 
thc  place  of  conjecture,  and  Rowland's  tables  o(  cnmpnrison  arc 
lifiven  nt  length.  In  this  connection  ilic  benring  ol  Kiivscr  and 
Runge's  rcwarchcs  on  thc  identitication  of  solar  lines  might  have 
been  relcrred  to,  .^niong  thc  importnni  additions  is  nn  account 
of  Langley's  work  in  the  infra-red  region  of  the  spectrum.  Thc 
recent  investigations  of  Hale  arc  of  course  explained  nt  length, 
and  Voung's  table  of  chromosipheric  lines  has  been  considerably 
extcnde<l  toward  thc  ultraviolet  as  one  of  the  resulrs  ol  these  re- 
searches and  those  of  Dcslandres. 

Thc  chapter  on  the  spectra  of  the  planets  remains  unchanged, 
as  no  important  observations  have  been  made  in  this  field   sin< 
the  publication  of  the  first  edition. 

Extensive  changes  have  been  made  in  the  chapters  devoted  to 
the  spectra  of  thc  stars  and  ncbulfc,  correcponding  to  the  great 
advances  which  have  been  made  in  those  departments,  and  in 


fact  the  matter  in  this  portion  of  the  book  has  hccn  largely  re^ 
cast.  Void's  classification  of  stellar  spectra,  as  modified  by 
Schciner,  is  naturnlly  the  one  adopted,  though  Professor  Frost 
has  added  the  following  comment  (p.  238):  "[This  system  of 
classification  has  necessarily  licen  followed  liy  the  translator,  but 
it  is  proper  to  state  that  many  of  the  leading  spcctroscopists  are 
of  the  opinion  that  the  time  has  not  yet  conic  for  an  attempt  at 
a  classification  along  the  lines  of  stellar  development,  and  that 
any  classification  must  for  the  present  be  regarded  simply  as  pro- 
visional.]" These  remarks,  being  enclosed  in  brackets,  do  not 
seem  to  meet  with  the  unqualified  approval  of  the  author;  never- 
theless, the  most  recent,  as  well  as  the  earlier  investigations,  jus- 
tify their  iDsertion.  Only  the  upper  portions  of  star  spectra, 
where  photography  is  applicable,  have  been  ade<|uatcly  studied, 
and  it  would  I)c  easy  to  mention  special  cases  in  which  a  classifi- 
cation based  on  the  appearance  of  this  region  would  be  in  error, 
or  at  least  fail  to  represent  the  cptire  truth.  The  stars  of  class 
lb  are  too  few  in  numl>er  to  be  regarded  as  a  general  transition 
form,  and  no  classification  except  I.ockyer'»  attempts  to  trace 
the  connection  between  Secchi's  third  and  fourth  types;  while  the 
facts  brought  out  by  the  researches  of  Campbell  on  the  Wolf- 
Rayet  stars,  the  character  of  the  spectra  of  the  nuclei  of  planetary 
nebutfe,  and  the  association  of  stars  of  cUss  la  and  class  Ic  with 
extended  nebula?  show  that  there  is  still  much  doubt  as  to  the 
position  which  should  be  assigned  to  the  various  kinds  of  bright, 
line  stars  in  a  general  classification  based  on  a  theory  of  dcveloi>< 
iDcnt. 

Among  the  more  important  additions  to  the  subject  of  stellar 
spectroscopy,  we  naturally  find  full  discussions  of  0  Lyra  and 
Nova  Auriga:.  Bclopolsky's  photographic  observations  of  the 
former  star,  and  the  conclusions  which  be  draws  Irom  them  are 
given  ;  those  of  \'ogeI  at  I'otadam  probably  appeared  too  late  to 
be  included  in  the  text,  and  arc  ouly  referred  to  by  Professor 
Scheiner  in  a  note,  in  view  of  these  latter  observations,  Profes- 
sor Scheiiier  considers,  no  doubt  justly,  that  Bclopolsky's  com- 
paratively simple  hypothesis  respecting  the  system  of  fi  Lyrsc  is 
inadequate  to  explain  the  facts.  The  Potsdam  observations,  as 
well  as  those  of  Lockyer,  still  more  recently  published,  make  it 
probable  that  the  system  contains  more  than  two  bodies. 

An  excellent  abstract  is  given  of  the  large  mass  of  material  ob- 
tained by  observations  of  Nova  Aurigje,  and  the  various  hy- 
potheses advanced  to  account  for  the  ob8cr\'cd  phenomena  are 
impartially  discussed.    In  one  of  his  notes  on  page  ix,  Professor 


Schciner  singularly  enough  makes  the  objection  to  Seeli| 
hypothesis  that  it  docs  not  at  all  relieve  the  difficulty  of  accoi 
ing  for  the  high  relative  velocity  of  the  bodies  composing 
system;  whereas  most  persons  who  have  followed  Profc 
Seeliger's  arguments  would  probably  agree  tliat  bis  hypothec 
accounts  satisfactorily  for  the  high  relative  vet'>citics,  but  Joes 
not  explain  the  very  great  hImjoIuic  velocity  of  600  or  700  kilo^ 
metres  per  second  which  the  body  giving  thcabsorj)tii>n  siK^ctrnm 
must  have  possessed,  or  the  changes  in  its  velocity  indicated  by 
the  observations  at  Mt.  Hamilton.  The  importance  of  the  re- 
markable fact  that  the  si)cctrum  of  Nova  Norma  was  almost 
identical  with  that  of  Nova  Auriga:,  not  only  with  regard  tn  ^| 
bright  and  dark  lines,  but  to  the  amount  and  direction  of  tU||| 
^elati^'c  displacement,  has  probably  not  yet  been  futly  recoguiwrd.' 
Should  other  new  stars  be  fonnd  to  have  the  same  si>ectrum,  our 
ideas  as  to  the  nature  of  these  apparitions  wonld  undergo  a  pre 
found  change.  Several  plates  illustrating  the  spectrum  of 
Auriga;  have  been  introduced,  among  them  an  cidarRcmcnl 
phot<igrapli  taken  by  the  translator  with  tlie  small  Hiwctrograi 
at  Potsdam. 

A  considerable  amount  of  new  material  has  been  added  t< 
account  of  the  Wolf-Kayet  stars,  and  Campbell's  measuren 
of  the  bright  lines  in  their  spectra  are  given  in  ftdl. 

The  important  chapter  on  the  displacements  of  spectral 
bus  been  considerably  enlarged.  CamplJcH's  convenient  tables  fot 
reducingspectroscopic  observations  of  motions  in  theline  of  slghi 
are  reproilueed,  but  the  Ivnglish  miles  have  been  changed  into  kil- 
ometres, as  German  geographic  miles  and  other  units  have  iKcn 
at  other  places  throughout  the  book.  The  photographic  titeth< 
ods  used  at  Potsdam,  with  which  Professor  Frost  is  persoi 
familiar,  are  briefly  but  clearly  described,  and  Vogel's  results 
the  motions  of  fifty-one  stars  in  the  line  of  sight  are  given,  wl 
the  detailed  com|>arison  with  the  Oreenwich  results  in  the  origi 
inal  has  been  omitted.  At  the  end  of  the  chapter  is  an  account  oj 
Keeler's  obwrvations  of  nebula?  with  the  Lick  refractor,  and  hii( 
table  showing  the  motions  of  various  nebula?  in  the  line  of  sigfac 

In  Part  IV,  devoted  to  spectroscopic  tables,  Rowland's  table  « 
standard  wave-lengths  rqilnces  the  Potsdam  tables  in  the  firs] 
edition.  Abney's  wave-lengths  of  lines  in  the  ultra-red  are  givei 
as  originally  printed,  on  Angstrom's  scale,  the  factors  for  rcdi 
tion  being  unknown  in  this  part  of  the  spectrum.  The  w 
lengths  of  iron  lines  in  Table  III  are  taken  from  Kaj'ser 
Runge's  memoir,  but  only  such  lines  are  given  as  were  inctutI4 


the  lists  of  Thaldn  or  (for  tlie  oltra-violet  portion)  of  Coma. 
About  230  stars,  mainly  derived  from  tlie  observations  of  Espin 
and  Pickering,  Iiavc  iKvn  added  to  the  catnlogue  oftttars  of 
classes  Ilia  and  lUb.  Table  V  contains  a  partial  revision  by 
Prolcssior  Young  of  his  earlier  hst  of  chromosphcric  lines,  the 
wave-lengths  being  given  on  Kowland's  scale;  and  hnully  the 
bibliography  of  spectroscopic  literature  has  been  revised  and 
brought  up  to  date. 

Only  the  more  prominent  features  are  touched  npon  in  the 
above  comparison,  for  it  is  impossible  to  six-cially  notice  the 
greatnuraber  of  small  additions,  liberally  inlersperscd  throughout 
the  original  matter,  which  greatly  increase  the  value  of  the 
work.  It  must  suffice  to  say  that  full  justice  has  been  done  to 
the  labors  of  recent  observere  and  lliat  the  book  well  repi-esents 
the  state  uf  celestial  siKctroBcopy  at  the  present  lime.  It  would 
be  strange  if  a  few  statements  in  the  text  should  not  already  re- 
quire moditiention.  for  the  advance  of  this  department  of  science 
is  so  rapid  that  (acts  nceumulatc  even  while  an  inventorj'  is  being 
taken.  Thus  we  fnul  that  the  parts  relating  to  the  spectrum  of 
the  Orion  nebula  and  its  relation  to  the  spectra  of  the  associated 
stars  do  notrepresenl  the  results  oi  the  very  latest  investigations, 
white  the  statement  on  p.  251,  that  the  I),  line  has  never  been  ob- 
Bcrvwl  as  a  dark  hne  in  stars  whose  s[Ketrn  show  only  dark  lines, 
must  now  l>e  regardwi  as  erroneous,  since  it  has  l>eeti  shown  that 
I),  is  dark  in  the  spectrum  of  Kigel. 

".Astronomical  Spectroscopy"  is  admirably  adapted  to  the  re- 
tiujremeiits  of  the  specialist,  and  large  portions  of  it  cannot  fail 
to  interest  the  amateur  and  general  render.  It  is  well  printed  by 
Messrs.  Ginn  &  Co..  to  whom  Professor  Frost  acknowledges  his 
obligations  for  undertaking  the  [mblicntion  of  a  book  from 
».vhich  [iccuniary  profit  is  hnrdly  to  l>e  ex|>eeted. 
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AH  nrtk-ks  niW  corrrvpntiilmcc  rcliitin^t  lo  ■[vcctniwupj'  aw}  nttlrr  auliiccts 
properly  inclntlvd  iti  Autru-Puvsics.  sliould  b«  B(](irfs«ciJ  tu  GeQfKT  B.  Mak-,  Ken- 
wood Olwcrvatory  of  thr  I'liivcrsity  of  Cliicu«o.  Chk-ajio.  I'.  S.  A.  ,\uiIiont  of 
l>n(>«niurc  ict|iicst«i  to  tt(tr  to  last  pJiRe  for  informaliun  in  reg/ird  to  illuKirn- 
tionir,  rrprinC  copies,  etc.  ^^^ 

A  Collectllrn  of  AitroDOiulMt  Pbotogr«pha.'— Witit  tliv  rxccpiion  of  ilic  crccl- 
tcui   plJitcs    which   Mr.    Hunyard    has    published  in  Knovrledgt   ond    the  few 

•  A  Selection  of  Pbntogrspba  of  Sum.  Star-Cltwtcrsi  und  NeliDlic.  tojrethcr 

with  tnfbimaiioii  ('i>r.eri-iiini£-  tlto  ip»tftimciit«  and  tlu-  inc-thodft  employed  in  the 
pursuit  o(  vclc^iial  |ilioi'>prnphv,  llv  Iwijh-  k'd*riK,  h.  Si-.,  F,  R,  S.  (Ix)ndoD, 
The  Lniveraal  ITcsb,  3^6.  High  Il.dborn,  W.  C.) 
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the  mctltod  empMj-cd  ia  collimatiiig  the  spcctiluin  of  tbc  Iclrseope,  ant  i*  Ird  to 
think  that  »  (iImik  mirrttr,  witli  its  cvtitrrctit  out  to  rontam  tiw  (tiatc  carrier,  thua 
koviitg  n  »tnp  oi  mirror  pcrlia)»  half  an  inch  wide  on  each  side  ol  the  plate, 
mitflil  i)erhn)>»  mtvc  w*.-II  a»  a  KuliMttutr,  or  m  IcrkI  us  n  umCuI  did.  for  the  ciiid' 
in};  U'[rK(i{)c,  which  in  iiny  rnsr  B«'rms  nut  (if  (iIacc  nl  the  mil  »f  thr  drdinaitim 
uxt»,  where  Itir  dnitgrr  ot  iinei|ttal  firxiirc  in  n  mtixirnam,  Hut  il  the  inntrDmrnl 
i»cct«  tl»e  •cvcre  tests  descriliecl  in  lh«  foJlowring  paragraphs  it  can  hardly  he  con. 
•idcrrd  lo  pomtraa  any  wri<»ii«  dcfrctj,  Altrr  some  remark*  on  the  purrly  photo« 
ffmphic  qnraltonB  involved,  the  deBcnption  of  the  pinie  of  the  Great  Nebula  in 
Andruinvda  it)iroducc«  im  to  ihc  princi|iitl  portion  o(  the  i-olunie.  TIk  fifty-three 
platrK.  which  in  nil  cn»cs  nre  from  cnl/ir^mrntfi  of  the  uriifinal  nej^otivcs,  iirr 
reproduced  in  n  finrly  HAttslACtory  wjiy.  hut  Aomc  of  ihcnt — notuhly  the  rcmnrk- 
■blc  |iitoto}(raph  ol  the  Grcnt  Nebula  in  Andromeda — hn%'e  been  much  mure  suc- 
cesjifully  l)niu)tht  out  in  the  |miteii  of  Knawledf/e.  Anyone  familiar  with  th« 
photo-firnrurc  prDcrw  witl  appm.'iflic.  however,  tlic  immense  dtflicallteB  ultcndini; 
the  publication  or  a  work  of  thin  kind.  The  only  criticism  we  feel  incHned  to  make 
is  tltat  many  of  |hc  phoiOfcrAphs,  notably  tbn*e  of  star  clusters,  hove  been  en- 
larged to  much  thnl  tlte  gmin  of  the  plate  l)cci>mca  unpk-naantly  prominenl.  We 
do  not  share  the  mthcr  common  belief  that  great  cnlarfrcmcnt  improve*  nstro- 
numical  photographs.  A  certain  amount  uf  cnlcirgemcnt  in  often  necessary  to 
bring  out  on  piints  crrtntn  small  details  of  structm-c.  but  it  should  always  he  re- 
mcmlicft-d  thot  the  rnlurgrment  can  show  nothing  whi<-h  is  not  on  ilic  nnginnl 
negntivc,  iind  it  is  usually  best  not  to  arrive  at  tbc  (loint  where  the  «lvcr  gram 
begin*  In  \k  (.-onsjiicudus. 

But  these  malleiv  arc  ol  minor  importance,  and  we  take  great  pleasure  in 
itcommending  this  uni<|uc  collection  of  admirable  photogrnplis  to  the  rapidly  in. 
creasing  numltrr  of  astronomical  phatogTaphem  and  to  all  interested  in  stellar 
nstninomv. 


Ifott  on  the  Spectrum  ol  the  Orion  Mebnla.— In  rcferrnce  to  Dr.  Hngj^ina'  recent 
nolr  on  the  Spectrum  of  I  he  Great  Neliiila  in  Orion,  based  upon  my  paper*  on  the 
VBRK  •ultjcci,  I  deoii'c  Lo  offer  some  cumnicnl. 

I,  I  think  no  one  has  questioned  theyustrcr  "/*  (/if  imer/fretatioH  whtcfa  Dr, 
nnd  Mrs,  Hnggins  put  n|Kin  their  18148  photograph ;  but  Jt  Bccms  tu  mc  there  U  H 
rcnsnnnblr  rloubt  ol'  ihe  Jiinticv  nfthe  phntograpb. 

We  knriw  tiK  Traiwziiim  Slam  hnve  l)rt>ad  tlorli  hydrogen  lines.  The  liMR 
pholi •graph  «hows  thi-ir  spectra  to  \k  stri<i-ily  continuous  ut  the  iKitnttons  of  the 
hydrogen  lines. 

The  I88S  photograph  difters  from  all  BulMtrquent  photugmpha.  and  nscrilies  n 
strange  cba racier  lo  iltc  nebular  sitcctruni;  whcreos  tlic  subsequent  photogmphv 
apparently  auree  in  proving  that  the  (.Irion  .Scbuln  S|Kctrum  is  sutMtnntially 
idcnlical  with  all  other  well-known  nebular  spectra. 

a.  r*r.  Hnjffpns  wriu-»:  'As  Profeasor  Campla-ll's  remarks  on  the  1n-ondcning 
of  certain  inrtions  of  the  lines  ui*an  our  plates  (pp.  391-393)  seem  to  show  ihnt 
Ik  has  not  onder«tond  correctly  Lite  interprrtAtion  we  put  U|xni  thii*  upttcnrana.'c, 
1  may  aay  now  tliai  the  tiew  we  took,  nnd  still  bold  is  that  this  broadening  is 
purely  a  photographic  Hprcoding  on  account  of  the  greater  brightneaa  of  the  line 
at  Ihnt  place." 

I  am  at  a  loss  to  know  how  I  could  hove  been  expected  so  to  interpret  their 
original  mnnrlcs.    They  have  made  it  clear  that  tlie  *' abruptly  dtflerent  iniensi- 
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tie*  of  (lifTercul  [kArts"  of  llie  Imr  Arc  iliie  to  the  dilTpmit  bri|ffatDeka  of  dtflcrtM 

partvof  llic  ncbuln  {Proc.  Roi-.  Sot-.,  tol.  4a,  p.  V'l'i),  n*  iniitrd  »i«w  wtMiid  r*f 

By  war  ofexplanatiuu  oftlic  liroi>ffetiingvi  tliclinrton  ibdr  ISSH  r*vitaf*v<t,  t\ 

MMitl  in  1  SAO,  "On  one  »Ii)c  of  the  [Trnprxium]  st/irs-trn't ra,  this  line  [i  3734 

litOr  hro»<)Kr  titun  on  ttic  utlirr  aiilv;  bat  n£  n  einiiljir  n|ifimr.)n(-r  xm  j* 

Uy  iinH  the  Jitniiijt^r  lin«  nT  tlic  grou]».  it  may  nrl**:  Irom  mint- 

](rii|ilitc  Musc."     [ty  way  of  rummcnt  on  the  alKivc  Kiiiritcc.  - 

"  Wc  now  Iciim  [from  llii"  ISilO  iittutii^riiiilift]  Ihiil  thi»  dilTrrriirr  bd**i 

pnrisof  ihr  lincii  inAWnteti  ptahablr  »  ititierrnt  cfimlitinnafthc  nrbula  of  ti 

tittea  ol'tbf  starsfmctra."*     I  believe  the  namrul  inU-rprt-larion  of    tlii') 

i«  that  the  broo'lcniiiK  was  caused,  not  by"soiiieopi)i-al  or  |ibulogr»pliKi 

as  KU8|)«;te«l  in  1  HN*l,  but  on  the  eontrary  tlitit  it  wan  real  ami  dor  («>  "  prtiliaM 

n  ililTrrent  coiKlilion  nl  ihr  nebula  "on  tht  two  aiOes  of  the  Tni|)estuiii.     1 

taiiily  Bccejil,  nuMsl  ii'adly.  Dr.  HnxKin*"  m-ent  inlcriiretnttun. 

3.  In  rr^anl  lo  "the  hnown  variRlioii  in  the  visible  rrf:ion  ol    the  prrac 
line  to  the  line  ol  hy(lro};cn  at  F."  I  hclieee  my  interpretntion  iif  the  luur  pii 
quoinl  (AftTKOKOMV  AND  ASTBO- I'll  vsics.  p(i.  liHti-l)  ta  |ierlrcl  Ir  jn«t .  vi»,'  "aoac 
imall  difTercncc*  of  irtntive  brilliiinor"  wire  «wi»rctc^l.  but    ncvertbdraa 
doubtful. 

Therr  ran  be  no  doubt  that  the  nlnlive  inlcasitin  uF  the  |irindpol  Kvr  and  ! 
Hfi  hue  vary  eaurnioosly.     Wc  mav  aay  tlut  the  ratio  of  tlarir  imrnaitir*  v< 
from  about  4.-1  to  about  4-:20  for  difTirrrut  p^rt*  of  ihc  nebula. 

4.  The  aiKuntaxc  in  usinff  n  ahort  i-anicro  for  mluciuft  the  cxpoaore  time 
with  stellar  sprctrn  bus  Innj;  Ixrn  known,  nn<l  my  jmixt  liriil  nnlhitiK  to  tlo   wit 
that.     I  »tate«]  thai  the  relntiirly  thort  cnmera  "a)i|Oie>  e/Tcitively  to  tlie  Mi 
of  hII  liir}>c  iibjccta  yielding  1irt(rht-hiK  s|>.*ctia;  cometv,  Ibtx<?  nrtiulv,   ant 
horcalin,  etc.,"  a  rerr  different  mnttrr,  inriilTing  rrrv  difleiciit  principle*.     1 
not  vi-vn  theve  |irinct|(le4  corrrctly  suited  before;  ami  it  was  my  purpnwK  to 
attention  to  thdr  limpliciiy  iind  the  great  importance  of  atili>in)t  tlicnt. 

Mi.  IhimiltoD,  18D4.  Au|;urC  16.  w,  K.  CAUrOKLIu 


Or.  Bofglni'  tSSS  Pbologitph  of  tbeSpectnun  ol  the  Great  MeboU  to  Owiao-- 
Ihiring  a  recent  vinit  to  the  Tiiloe  Hill  Obaervntfiry  I  bail  the  |>lrnBiire  of  rsar 
in|[,  at  Ur.  Hnij^iins'  rctjucst,  the  Trmarknble  photoftraph  of  the    Orion    urha 
flpvclriiin  lulten  in  1888.    Tlic  cut  in  Froc.  Hoy.  Soe.,  x.  46.  p.  QO  certainly 
HiiLs  very  closely  the  appcaraacr  of  the  nevatire,  which  i«  in  an  excrlleat  nmi 
prtAcrvaiinn.    Tlw  pair*  of  lines  on  either  side  of  the  very  strong  line  at  371 
were  ra*i]y  seen,  nitd  most  of  the  linn*  in  the  ^roup  brlMtoi  3HV3   aod 
were  viitibk,  though  tlicy  wete  verv  faint.     The  line*  ul  'M't*t,  SMJ't    HfkHH 
3998  were  seen  witbuul  difTKuliy.  but  the  t'lx  lines  lietwcen  4110  :■ 
so  I'nint  ihnt   with  the  illuminntion  u*c<l  tliey  were  made  out  wi 
culty  m  titr  pari  ol'  the  sfNvtnim  due  to  the  nebula.     The  tn<-ten*e  in   wnlih 
briKhtncN  of  all  the  lines  in  the  star  spectrum  was  mo«t  slnkinff,  amj  n>u| 
have  been  orerkwked  by  ibcmoat  carekas  oliaervrr.   It  >s  pml«ble  that  wi 
ableiilnntination  and  more  time  ni  my  dis[ioMl,  I  conld  have  fern  oil  tbc 
with  ease.    ]  coahl  nnt  find  the  sli|ilitest  tmcr  of  tbc  mtanuK  bydrnftm  linr*. 

nflORQR  B.  iiAua. 


A  Rev  Triple  Achromatic  Objact-Glass.— To  lAe  Editar*  of  AMiftnttmr   mi 

A»frvt'bvtic»:    I  shnll  be  miK-fa  uldi);td  ilyuti  will  uflunl  mcipncr  in  .vuur  wti: 

•  The  Italic*  at*  mine. 


rend  JoiimnI  Tor  o  kw  rcinorks  upon  llic  uvw  Cuukv  Pliolti-Viiiiinl  OI>jcctirc.  of 
wIiKh  yoii  ^ave  a  iiliort  Bccuunt  hi  your  woe  tur  May  ((wsc  400i.  For  tliot  tic- 
couiit  miMK  twu  or  thrw  |»oint«  wtiklt  wnuld  naturally  irmaiu  niHetlled  in  tbc 
winds  of  your  renders,  in  the  absence  of  further  information. 

1.  U  u  ]x>i(itnt  out  that  in  my  oHftinal  paper  rrad  before  tlic  Ro^'al  AttrtH 
nnnical  Socit^y,  1  diil  not  state  whether  the  lenses  were  to  be  cemented  toj^elher 
nr  not,  and  you  rijihtly  concluded  thitt  cementing  might  seriously  (leteriurate 
such  n  kns  if  of  moderate  or  large  si^ic.  This  i»  tlie  case,  mid  I  i,-.-imc  to  the  con- 
elttsion  that  it  would  be  ulmoiil  impiis»ible  to  >u  [wrfcctly  cement  a  large  tens  six 
to  show  no  signs  of  strain  at  llic  focus.  Moreover,  even  suppoitiiig  the  3d  and 
3d  surfaces  tu  he  ecmetiicrl  tOf{ether,  yet  tlie  4Lh  and  5tli  surfaeea  certainly  coniil 
not  be  cemented  together,  for  it  is  estxntiat  to  the  good  performance  aud  pecfect 
acbromait»m  of  this  objective  tlint  the  -(ih  n»d  Stii  surfaces  should  be  K]>arated 
hy  ac  interral.  Vour  account  then  proceedii  to  say  "and  without  it  (cementing) 
fcradual  tarnishing  of  the  interior  surfaces  would  seem  lo  be  unavoidable; 
nevcrtlKlcan  Messra.  Cooke  &  Sons  gunranlee  the  permanence  of  objectives  made 
on  this  plan." 

Here  Mcaars.  Cooke  &  Sons'  guarantee  nccmH  to  excite  vuriiTise.  Now  it  ii  tf 
course  open  to  anybcMly  to  doubt  tbc  practicaJ  durability  of  the  |)otish  aud  truts- 
parency  of  the  borosilicate  llint  glass  used  for  this  obJA'Livc  in  spite  of  tbc  best 
poociblc  reasons  to  the  contrary;  yet  there  arc  many  with  vrbom  the  following 
connderations  will  have  much  weight. 

Dr.  Schott  and  Professor  Abbe  of  Jena,  as  well  as  two  other  independent 
chemical  ex|icrt9,  have  been  consulted  as  to  the  cause  of  a  certnin  iridescent  but 
[lerfe^tly  transparent  film  whici)  forms  over  n  imlishcd  BurfniV  of  this  flint  under 
certain  circiiin»taiK'cs.  AH  fuur  were  unanimously  of  o|Mnion  that,  looking  to 
thccotnpuiiitiou  of  the  [^Tass  (wliichcantaine  boracic  acid)  the  only  impurities  in 
ntmoaphcric  air  which  could  tarnish  it  are  the  sulphur  compounds,  sulphuretted 
hydrogen,  sulphurous  acid  and  sulphuric  ncid.  These  impurities  arc  well  known 
LO  exist  in  the  |iroducts  uf  gas  eombtution,  and  it  is  a  ngni(icant  fact  that  a  film 
of  iamish  cnn  be  produced  on  this  i^lass  br  n  few  days'  open  exposure  io  a  room 
in  which  gns  lifibts  are  burning,  whereas  if  kept  dosed  up  from  contact  with 
ranch  utmOHpbenc  impnrilies,  uo  tarnish  whatever  ensuce ;  pure  air  or  even  damp 
air  have  )>een  proved  to  )invc  no  i-tTect  whatever  upon  it.  Such  a  prolonged  ex- 
posure to  A  damp  air.  as  will  cover  n  piece  of  ordinary  linrd  crown  glass  witli 
mould,  will  not  touch  the  boroiulicatc  diiiL  in  the  leant. 

Now  the  method  of  mounting  in  its  cell  adopted  for  this  new  objective, 
rmders  the  penetrniion  of  impure  utr,  dampncu  ur  even  du^t,  to  the  interior 
surface  of  the  lenses  practically  impoasiblc.  To  all  intents  and  purposes  the 
objective  is  hermetically  sealed.  I  cannot  enter  here  into  an  account  of  how 
this  result  is  achieved. 

2.  Your  account  tlien  refers  to  the  double  objective  invented  nnd  p.iiciilcd  by 
Professor  Hastings  some  years  ago,  in  which  he  mnde  use  of  Schott's  jiutassiutn 
•ilicalccrown  013  and  boroiiilicatc  dint  O.lGl.  It  U  thu9  intimated  that  that 
flint  is  "nearly  identical  with  that  used  by  Mr-  Taylor,"  nnd  also  that  my  ob- 
jeecivt  ''docs  not  seem  to  ditTer  materially  from  that  proposed  by  Hastings." 

I  would  like  to  point  out  that  whereas  tbc  reciprocal  value  of  the  dispcrvion 

fi    1 

powcror   ■    ". — —  of  the  borosilicatc  flint  used  by  Professor  Mastingi  is  48,7, 
^MlC  toF} 

th«  reciprocal  value  of  tl»e  disitemion  power  for  tlie  new  borosilicatc  flint  used  in 
my  ottj«ctiv«  varies  between  50.2  and  S0,6,  a  very  considerable  dilTerence.    More- 
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OTcr  Dr.  Sch'Hl  »tatc»  lhnt  chr  firmer  ^law.  uacd  Ijy  ProfeBitor  Hs*lin||»,t» 
lun){cr  niunalncturftl.  for  it  cnnnot  lie  matk  ko'hI  enough.    It  cannot  \x  UHcrl 
that  this  cctniititutL-s  no  mnterial  difference. 

Th«  r.  8.  pAtent  esatniners  bimlly  sent  m  a  short  while  Ago  (i>o£  tn  «• 
fttroctivc spirit)  acopj  of  ProfcMor  Haitiii^'  patent  «|jccifica tioii*,  -wlncb  I 
much  intercttcd  in  reading.    If  I  rememlwr  aright,  be  clairoetl  thut  bit  cob 
tion  reduced    the  tecondary  spc^rum  to  a  littk  ten  thnn   batf  of  its 
amount.    Tbts  is  the  real  amonot  of  the  redndion,  and  not  to  6  per  ooii 
stated  in  roar  account. 

I  will  here  give  tite  *ccnmlttry  longitutlinnl  color  abcrrationa  of,  1«L,  the  anf». 
urv  double  combination  or  dense  lilicate  tbnt  and  hard  tTuwn;  '2a*\,  Profwar 
Hastings'  comhinatiun  ol  putossinm  silkatc  crown  and  dense  bart^fliScMt 
Hint;  and,  3rd,  the  Cooke  photo-visual  objraire.  All  are  cnlmbilBl  (ara.»nfmA 
focal  length  of  360  inches  and  the  wcondaiy  color  abctratioiMarc  *^ii-«l«i»»^  tmm 
Ibc  <i|t^res  ftivcn  in  Hcrro  Schotl's  catalogue  and  on  the  aappoMtion  in  mX\  iJkm 
caMB  thnt  the  C  and  F  rays  are  united  to  exactly  the  same  fbcm. 

Onlinary  doublt 
Objective, 
incfaea 


fV>(caisor  Haiitins*'        Tbe  CooW 
Uooltle  O.  G.        Pboto-Vim*]  O 
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C                                        0 
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D                                  -     .12 

0 

B                                  -     .18 

0? 

F                                     0 

0 

Ci                     about  +    .8 
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U,                  about  +  l--^ 

? 

+  .08 

+  .09 

It  scurccly  needs  to  be  pointed  onl  that  Professor  lUstinft*'  comtiisatiaa. 
wliilc  achieving  n  pos&ibl.v  perievt  concentration  of  nil  tlw  rays  l>rtwre»  C  and  P, 
ncrerthelesa  falls  far  short  of  bringing  the  blue  photo^raphii,*  r«,vK  tu  ttw  sane 
focni,  and  thetrforeit  could  not  be  said  to  be  equnlty  availablrfor  photofjiaplw 
purposes.  I  would  like  to  remark  thnt  ttK  figures (trivcn  in  tIte  2d  and  Snl  roU 
follow  from  .Me»srs.  Schott's  figures,  which  are  after  all  not  accumtc  c-noo]Elt 
enable  ihe  foci  to  be  mlmtnted,  in  tbe  rase  of  tlie  devp  ciirveil  Conk*  O.  G.. 
un  error  uf  about  .OS  incite*  in  »o  stent  a  focal  length  as  300  inchrs-  Thcfi}pnv«l 
column  3  indicate  that  the  middle  part  of  the  spectrum  Ahonid  fall  lonfC'  Mt 
ever,  thi;  brst  test  of  thi»  nldtter  is  the  careful  trial  ol  a  rval  objectire  uf  tnt 
or  lar^  aiitc. 

I  have  proved  in  the  case  of  a  Cooke  Phot c». Visual  0.  0.  of  5  tiu-bcv 
now  almost  perfected,  that  the  ccninil  portion  of  the  )(|iectruro  cet  i 
fall  l>crand  the  focus  for  C  and  P.    The  most  careful  testa  linvr  (i;i<>< 
•ivclir  thnt   the  residual  secondary  S|)eclrum.  and  it  is  rxoredingty  miiutce 
difficult  to  perceive,  ia  of  the  same  tcndcacy  as  tbe  srcoodary  sportTtnn 
vrdinnry  doable  objective :  the  brishtest  yelkfW  grrm  ray*  being  rdractsd 
diortcst  focus,  while  the  extreme  red  and  cxtmoe  bitie  aod  viokt  rmyw  ftiras 
alight  I  y  lon>;. 

This  I  was  ^'crj'  gind  to  Bnd.  bccnttte  an  extremely  slight  n>orfl6e«tion  ka 
Crtfflpoaitinn  of  the  new  melting  of  borosalicate  flint  which  MeaCr*.  Srbott 
now^  executing,  or  vise  in  the  cumposttioo  of  one  or  both  of  the  other  Ktsaaca.  srHI 
enable  me  to  get  rid  of  all  secondary  >^Kftrnm  abaolntcly. 

In  reply  to  yoar  remarka  upon  tbe  probable  difficulty  in  Rguring  tbe  utgstm 
Im  vithsuclia  small  ccntml  thtckacas,  I  wiUanly  poiat  ant  thai  in  the  cam  at  a 


5-nKh  objeclire,  I  wa«  Mfixioun  to  He*  bow  ihin  it  wsi*  ixwsihV  to  curry  it,  and  in 
thi»  cnx  made  it  only  .07  inch  ttikk  iii  rhe  cviilcr.  Ncvci-t hclcss  no  difltcuky 
whnltwr  wiiti  i:xt>cri«fli:«l  in  working  np  its  surracc*  in  a  iK-rrect  spherical  fif^rv. 
I  attribute  ibe  remarkable  immanit^  from  brtKlitig  of  tbi<>  borosilictitc  dint  to  itB 
csimonUaary  nuchaniCAl  hnrflnns,  for  rigidity  and  hardness  go  toother. 

H.  DEXJOSTAYLOt- 

We  arc  miich  obliged  to  Mr.  Taylor  for  the  itifonniition  ahont  his  new  objec- 
ttrc.  and  must  >ay  thut  no  (nirrr  uBcr  could  be  uiude  than  that  o(  the  Meuri. 
Coolcc-  With  regard  tu  the  lliutjnga  double  r>1>ici-livc  mciitioited  in  uur  May 
number.  Mr.  Taylor's  recollcviion  seems  to  be  at  lauU.  Although  we  cannut  at 
present  refer  tu  the  ]iatent  •pecifitations,  (which  inny  potsibly  relate  to  itome 
other  form),  the  description  of  this  ohjcctivr  in  the  Amtricaa  Joaraal  ofUcwncc, 
vol,  37.  shows  that  the  secondary  chromatic  aberration  is  only  mx  per  cent  of  its 
amoont  in  an  objective  of  the  iiaual  consiruclioD.  and  not  filly  per  cent.  The 
performance  uf  the  uhjcctive  itself,  which  we  hiire  recently  had  the  (>leiii»ntc  (■!' 
examining,  bcarv  out  the  tbeorrtical  conclusions.  The  uutstanding  color  afoand 
a  bright  star  like  Vrga  ii«  hhrdly  perceptible,  and  the  imngcA  much  mirmblc  ih<»c 
formcil  hy  a  reflector.  Wc  do  not  think  howcver.tbat  upplication  to  photujfrnpby 
was  contemplated  iti  the  constmctiun  of  t  lii*  telescope.  Unfortunately  the  gliuut 
is  hygrascupic,  as  staled  in  our  fonner  note. 


TbeProstessof  Astronomicsl  Photogrsphy— An  uddieu  ^.d'titly  ildivcred  be- 
fore thcscctiuQ  urAKirunoiii>-.Miuben>ntic»  and  Pbytiot  uftlteAustrnlnKian  Atao* 
cifltion  for  the  Adrancctncnt  of  Science,  by  the  Pn-sidcnL.  Mr.  H.  C.  Rossctl.  con- 
tains a  ralunble  epitome  of  the  pr(i;:mui  of  astronomical  photo>:raphy.  Its  posi- 
tive statement  that  llir  corona  Uaa  hrcn  photoxraplied  without  aa  cell)>sr  will  l>c 
misleading  tu  some,  and  n  few  other  minor  miHtnkm  might  l>c  mcntiuncl.  In  an 
nrtkle  apparently  niinine  Hlsonie  ilcurte  of  coin  pIctcncsD  it  is  remarkable,  a*  Miss 
Cirrke  has  rvcmtly  pointcJ  out  in  KnowJnrtte.  thai  no  nirntiori  k  made  of  the 
work  of  flamurd,  \tax  Wolf,  vnn  Cnthanl,  am',  wc  may  add,  Higgs.  Dr.  Crill's 
valuable  investigations  arc  barely  r<-fcrrrri  to  tn  an  incidental  wity.  Hut  with 
these  im])ortanl  cxccplions  iIk  paper  in  a  unt^ritl  one,  and  can  he  rccumnicndof. 


A  ConvMileat  Sensitometer.— In  the  Zeitschntt  ttir  Iriftrtimriitfokiiaffc  lor  Juae 
1HU4-,  I'rofcssoi  J.  SihcMicr.  of  I'otstlan),  riescritws  i>  Knnitonicter  ol  his  own  inl 
vention,  which  by  its  simplicity  nnd  suitability  lor  cver>''day  use  rccommeods  it- 
self  to  those  engaged  in  any  branch  of  phoiDgrnphic  work.  Among  the  various 
uses  to  which  u  scnr-itomcicr  can  Ik  put  are  mentioned  Lite  determination  oi  the 
Bcnsitiveneits  of  plates,  relation  of  tlic  half  tones  to  the  strungest  and  weakest 
tones  on  different  plates,  connection  Itetwecn  lime  ol  exposure  and  laiuinous  in. 
tensity,  intlucncc  or  ditTcrciit  developers  uii  the  AtiengUi  of  ttie  picture,  and  tW 
ebentical  intensity  u(  various  ''ght  sources.  The  apparatns  cunsists  of  a  circular 
disk,  with  an  opening  cut  in  it,  through  which  the  li&ht  (alls  upon  tlie  plule  to  be 
tested.  The  form  of  the  oijcning  is  so  chosen  that  a  given  distonee  un  any  part  o*^ 
the  radius  corresponds  to  the  onme  intensity  ratio.  In  front  of  the  aenaitlrc  pinte 
is  a  slteet  of  roctat  containing  twenty  equidistant  reetangnlnr  openings  corres. 
ponding  in  total  length  with  the  Ot>ening  in  tbc  disk.  Between  UirHc  openings  and 
the  plate  is  a  thiu  sheet  of  gelatine  containing  numlKr*  from  1  to  20  conespond- 
ing  to  the  rectangular  openings.  In  ordtr  to  test  the  sensiliveness  of  a  plate  a 
strip  oftbe  proper  sixe  (3  XOcm.J  is  cut  and  inserted  in  the  carrier,  and  the  disk  m 


ftCI  in  rotation  In*  n  small  houil  whc«I.  Lix^it  from  a  special  Ijentinc  Inaip  it 
allonrpil  to  fftll  n|tnii  tlio  'whirling  iIihW  liir  nnr  tiitiiuic,  und  on  detrlopntcnt  uf  I 
plau  t)>c  lii>:lics(  nnml>cr  impriutril  frum  tlir  Male  prn  the  >ciwil»vviKS«  ol  thr 
plate  on  a  sculc  ot  I<>i»  lij  rerprcncc  to  a  siinjik  tabtr.  Tbe  bcnxioc  lamp  b  HOii 
to  be  very  coiiBCaot  to  brishtocss,  an  thnt  rrlialilr  ntwitute  ddrrmhiatMMM  eu 
be  maitr, 

A  coDrcnimt  form  at  the  Ap)MrAtua  is  •u|>|>litd  \>y  Otto  Totptcr,  of  Pot«il*ta, 
and  rnch  iimtrtinirnt  in  tmtci]  li.v  I'rofnwor  Srhrincr  t>cfare  it  i*  sent  out. 

A  !>n<Biiumctcr  in  ollcssmiinl  Icatiircs  iclcniicnl  witti  ttii*  wm  <l«vi»ctl  bj 
fcsaor  G.  \V.  Mou>:h.  of  tl>c  L>»rborn  UlMrrvntorjr,  many  ytan  aeo,  and  Hat  i 
been  cin|iloyr<]  in  Ins  jibuioxfapbic  work.     \Vc  have  also  used  otic  built  oa  Pr 
Bur  Hongl|'8dni({n  at  tbe  Kenwood  OlMrrratorr,  aad  btve  foBtwl  It  very  aatil 
taetory. 


Ml.  Br«ibe«r'i  Rew  OpUciI  Workf.— Mr.  Brashnr  it  pnitraft  np  new  m 

larRv  biiildin]C!>  fur  bis  optical  i^Iinim  at  .\llcgbcny.  Pa.,  tbe  old  building  barayi 
become  loo  small  for  hit  incrrasinj;  buvitKM.  Tbe  main  biuIdtDx.  of  brick  bb4 
ttcvl,  i*  lOK  by  38  feet  in  plitii,  »nd  three  atories  bigb,  inclndiuj;  a  high  baanuent. 
Tlte  attached  Ixjilcr  r»om  is  IH  by  'J~  fret-  111  the  lMi»cm«nL  will  be  dotM  Ibr 
heavier  optical  work  reiiuirin};  a  unit'urm  temperature,  and  the  toting  of  tiv- 
facee.  Other  optical  work  will  be  done  on  tlic  rioor  above,  a  eeparatr  rooot  twiar 
fltrvoted  to  each  |irtK'ess,  and  the  third  floor  will  be  used  as  a  niacbiiM  ataop- 
Tbe  building  will  l«  lighted  by  ckvtricit;.  A  moK  complete  aceoant  of  tfett  aew 
cttabliihment  will  be  jfiven  licreaftcr- 


AddUik  Grtit  Ttltscopc?— A  paraKrnpb  has  iHrn  go'inj;  the  ntands  of  iW 
daily  pre«a,  and  has  footid  its  way  into  a  nnmbcr  of  *f  ientihe  jotirnala,  to  Ita 
eflecl  thut  n  Rrmt  refractor  of  CO  inches  apcrtuic  b  to  lie  m»de  (or  an  (M>«err»- 
tory  at  l*ittsburgfa.  We  Icam  from  nixtd  anthority  (PrafeHor  ICccler  anil  Mt~j 
Bnubcar)  that  the  report  has  link  fomidntion.  An  effort  is  betas  made  to 
vide  a  larger  telescvpe  for  the  Allegheny  Obserrat'iry,  and  to  ranon  tlie  Ol 
ntory  to  fl  liettrr  siie,  and  the  city  has  rctcrvcd  iiafiiciciit  groDad  for  the 
pnrposc  in  the  new  park,  %rbicb  is  well  to  windtvurd  of  all  the  mann' 
7stnbti»hincnt>'  No  effort  will,  however,  be  made  to  surpaAt  existing  tui  . 
in  size :  this  and  nil  titrtlicr  details  mentioned  in  tlK  parnjtrupb  teem  tp  bav*  b«n 
inTcnted  br  an  ambitioii*  reporter  on  a  daily  newspaper. 


Aa  Ob)eet-CUM  Stnick  by  IfglttBlas.— During  n  tbundrr-tionn  oa  Mt.  Elt 
in  Colorado  last  July,  the  Const  Survey  station  on  the  tmmnit  mu  atmcfe  by 
bgfatning.  and  among  tbe  piece*  of  apparatut  which  were  dAioaxttl  wat  a  SV-I 
inch  Drashcjir  cilijcct-}{las»  Iwlonging  to  a  pi>rtablc  transit  inatronMut.  The  Bisttf 
lent,  which  in  this  conslriictton  is  on  the  viutside,  was  crntked  aerow.  A.  e^otw 
mi|«ction  of  tbe  onitlde  surfncc  show*  that  it  is  enrerrd  with  many  touUI  mmi 
irregular  pita,  in  some  of  which  are  imt>eddcd  minute  pieces  nf  metal  aptiamtJy 
derived  from  the  alnrainttim  cell.  The  crown  lens  wn*  uninjurrd.  A  Dew  fliut  kat 
haa  liecn  made  lor  the  objective  hy  Ilraihcar,  and  the  old  one  will  tx  kept  b^  tte 
Const  Survey  At  a  cnriotity.  i 


Sttatum  Id  the  August  Rumber.— In  tbe  anide  by  rrofat:<»r  l^heiarr  on  tW 
tnnperatnre  of  tbe  start,  for  "Rprctrn  which  contain  funr  lines,"  md  "aprctrs 
wblcb  contain  lew  linet."    Tlitt  misprint  ocrun  in  two  place*. 
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Merttnr  will  l»e  aL  inrcrior  <»HJmiclion  Nov.  10 
nt  11!^  34"  i>.  M.  central  stanilnrU  linw.  Tlic  tlvcUna* 
dons  nfSun  mid  Mcrcnrriliflcr  by  onljr  4'S3"so  tlrat 
the  plnnrt  will  Ik  wxn  projected  un  the  focc  of  tltc 
Sun.  Tbc  trnnait  n-ill  Innt  n  little  avee  tire  hoara, 
lK-){innint;  ml  D"  55"  a,  m.  nnrl  iMi(lins  nt  3^  12"  p.  m. 
cciitrni  time.  Fur  mure  ncciiintc  pntdjction*  »cc  tltc 
iiqIc  uo  "  Tlw  Tr-ati-iit  of  McrcniTr  "  on  nruitlwr  [KIJ{V. 
Tlw  accunipniiyinK  cut  sliowa  the  apparriit  coarse 
wliit:h  Mercury  will  tflke  ncrass  the  solar  Htac. 

Wc  hope  that  m<ii4  ufour  mtdcra  will  have  the 
op|)ortuiiity  to  witnviM  Ibis  rvcnt.  The  brat  way  for  mast  to  observe  it  will 
probably  he  by  pnijeetinff  the  Snn't  iinogv  on  a  wliHc  Mrvcn.  Such  a  scrcrn  may 
be  made  of  white  curillioanl  and  fjistcDcd  a  font,  or  more  hnck  of  the  cyepicirc  of 
tlie  telescope  hy  im-jiii9  of  a  wire  frnmc.  My  proper  foouHitiy  n  very  sharp  image 
of  the  Sun.  from  six  inches  to  n  foot  or  more  in  Oiatncter,  m.iy  be  obtnincd  even 
with  a  v<rr>'  tmiM  tricscuitc  or  Apy-Klasa. 

On  the  lltlijit  10" '-'l""  A.  M.  Mcitiirir  will  puM  by  Veil  its,  only  8' foulh  of  the 
latter.  Ou  tlie  2Tlh  at  10"  KR*"  a.  u.,  Mtrrcury  witl  be  at  grentctt  clonKaliuii 
west  from  the  Sun.  20*^  10'.  He  will  be  at  Krcatcsl  brilliancy  as  moraine  plaiict, 
Nov.  26. 

Vcnm  will  Itc  nt  su[icrior  coruiioction  Nov.  80.  at  9^  I7<"  x.  u.,  ticiriK  tlx-n 
tlirvcily  behind  the  \^»n.  She  will  not  \k  in  good  position  ^r  obKrvation  during 
ttK  niotitb. 

Man  hoe  for  some  time  bcro  the  movt  coi»p!viiuus  object,  save  the  Mooiii  in 
the  eveniti};  sky-  He  far  oot-ranks  the  first  magnitude  stars  in  hrilliniiry.  np|)eaf 
ing  almost  to  liuvc  a  dise  visiliU-  to  th*-  ntiketl  eye.  Ilnvint;  ia  October  passed  his 
piiint  of  ncitrest  Approach  to  the  Earth,  be  is  still  comparntJTcly  near  and  in 
very  favomhle  povitjon  forobKrvatinn  by  amntnirs.  He  will  be  in  I'onjtinction 
with  llic  Moon,  3°  soatb  uf  the  latter.  Nor.  9  at  12>'  50*"  a.  it.  On  the  32d  be  will 
reach  ilic  end  of  the  we«lwnrd  loop  tii  bis  apparent  path  amons  the  stars  and 
will  then  l»cgin  to  mox-e  eastward. 

yuprtcr' lights  lip  the  eastern  hall  of  llic  sky  while  M.ira  does  the  western. 
The  two  phinrt«  arc  nearly  etpint  in  brilliancy  but  quite  diiTcrcnt  in  color,  tbe'sil- 
very  hi>e  of  J  uiiilcr  coniraslinjj  al  i-onjjly  with  the  ruddy  Hj(ht  of  Man.  JnpHcr 
is  in  good  position  fur  obMrvatitm  iifler  midnight.  He  will  he  in  conjunction 
with  the  Moon  Nor:  16at4'>04"«.  u. 

Smtura  and  Vraaus  will  be  behind  tW  Sun  diirin};  Norembcr. 
Neptune  may  be  obsnvcd  ail  nighl,  the  Ifcst  time  being  about  midnight  when 
the  plantl  i<  near  tltc  meridian.    He  is  in  Taurus  nut  tor  from  the  star  f. 
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Current  Celeatinf  phenoincna. 


The  Trai 


of 


tiomtcnl 


:  prctlktrU 


^-wJ.±t- 


10.  1804— Tltr  moil  tnipf'rlnnt 
hetriiiijii  of  Mercury  ntnw- tl*e  S«u 
which  will  take  pinoc  Not.  10.  Tfttipfav 
nomentin  occurs  onl>'at>uut  uace  in  Hvni 
ycnn.  on  tbc  nvernge,  »o  tLnt  not  nmnyj 
opjioTluiiilit-s  tti  uLitcrrr  it  come  ia  a 
Ith-  tiitu  The  nmntcMi'nswvll  a»  the  pto- 
f»f)oiinl  DUtrOiKimcr  will  \k  cxpntrd  li 
mnkc  tlir  most  ni  ihia  opfiortunilj. 

Tbi*  tranfeit  will  be  viWblcin  Wrwtxn 
UurojK  and  Arrira,  ilic  Alluntie  Occaa, 
Nortii  and  Sciuth  Arocrii-a,  Jind  tbr  P*-| 
dfi<:  Ocean.  Tile  Sun  will  be  rnn»t  la*vr-4 
ably  •ituiilnl  for  obserralion  in  Cmtral 
mill  South  AmericB,  lint  the  con«I«i4n»« 
will  nlso  I»r  unoil  in  the  L'ltitnl  Stntw 
TtH-  |iliinct  will  rntrr  ttpon  the  titftr  of  lb* 
Sun  near  titc  Knst  point,  0S°  aminul  the 
limb  from  the  Nnrth  point,  at  9^  55*  If-* 
A.  H.,  Central  Standard  timr,  n* 
rmm  Nartlifidd,  and  will  inkc  a  nortb westerly  «.*aurfte,  IcMviii^  tlw.diftc  «l  ■  po«*(-j 
50"  west  hvm  the  nurtli  iwtnL,  nt  3"  IX"  15'  r-  m. 

Tbc  planet  will  upiwar  as  u  round  rery  bUick  spot,  di^lingiinhnbl*  rrom  ur-| 
dmary  siinspots  Uy  Us  color,  its  roumlnota  and  it»  motion.  Tbc  otwrrrrr  »buuJd 
-wfttcb  cnrcrnlly  to  ace  if.  as  il  entem  u{K>n  ami  Icnveii  the  disc  of  tbr  Sttn  tbr 
planet  i»  encircled  by  a  ring  of  lighl,  niid  il,  witen  hillc  nn  tbr  disc,  il  ia  ftor- 
roandcd  by  a  narrow  dusky  frtoKe.  Th^w:  if  seen  would  (jc  cvulencn  of  an  exlai> 
Bivc  ntmoDiiberr  npon  tlw  plnm-t. 

lit.RURKTS  111-  TOR  TuiKSlT. 

Crcenwirb  mcnn  lime 'if  conjunction  in  R.  A.  No».  10.  0*64"  IC'.a, 
Sun  and  Menury's  R.  A.   IS"  OH"  44*-G8     Hourly  mi>tii.n  +  11IM3  and— 1  ?*.«.' 


UUk***  Hmmtag  the  pMtii  of  Memny  acreoB  iha 
Swi's  Disc  t»t\9g  tbe  T'uiiKt  tif  iKi*  Conitify. 


Suti'a  decliiintion  17"  ^»'  SH".2S. 

Mercttrr'a  dectinatioo        17    14   OS  .2S. 
Sun's  «|ua.  bur.  iMtr.  8  ,lti 

Menrary'scQnA.  nor.  par.  13  .OS 


Hourly  motion 
Hourly  inulinn 
rruf  scHiidiuincto 
True  oenii did  meter 


*1"«S 


Cnkbkwich  MitJkX  Tium  i>r  tus  PiiAau. 

IrKtcss,  exterior  contact       Nuveinber  ll>,  3^  SS"  'M'^ 

inRms,  interior  contact                               3  87  15  * 

Lcait  dislniirto(ccnti».  V  20".8                  B  .M  W  ,5 

CfiicfeB,  interior  coDluct                                    0  10  ^(S  .4 

%rtss,  exterior  contact                                0  13  10.4 

TheOreenwicb  menn  lime  of  evterior  cottlnct*.  (ot  nny  point  on  the  K^rfl 
•otfocc,  may   Ik  conipulcd  from  Ibc  following  fujniiulir.  in  which  p  dciuite*  lb> 
radius  of  tltr  HArtlisl  tlmt  |»lnce,  9'  tbc  scocetitric  norlb  latitude  and  A  Lbr  lua-j 
jtitude  wc*t  from  Grctmwicli. 
luKTrm  Ti  =  a*  65-  31'.2  +  ro.7703]*  pnati/ 

Bftrew  Ti=&»'12"tO'.4  +  II.4333]p»m9>'  i 

+  (1.533tt]'  P  «»  v*  efl#  iSXn*  5V  07*— il| 

In  the  fuUowing  tabic  we  give  tbr  Greenwich  timra  of  iHrginoinfr  and  naSag 
ufthc  tmn»it.cjdculnlrd  for  the  •ctxral  Obiicrvatorlei  from  tlur  Anrrican  Knatidd 

Altnannc  data : 


Current  Cekstinl  Pbcaoatena. 
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ObMrvatory , 

Longititdr. 

Latilodc. 

Transit  l>rgiti». 

Transit  end*. 

■         « 

o           • 

b     «>     s 

h     tn       a 

Hnrvan) 

71    07.7 

+  «    33 

3    f>5    2»  P.  M. 

0     V£    07  P.  «. 

Washington 

nrMKJMciT 

77    (13.0 

-(-38    5* 

3    66    24    " 

0     12    06    •' 

03    09.0 

+  44    3S 

3    M    18    " 

9    12    IS    '• 

Chnmbcrtin 

104    61.11 

+  30    41 

3    56    U    " 

«    12    17    •• 

Lick 

121    3S.5 

+  37    'M 

3    S5    04    " 

9    12    23    •• 

It  will  be  arcn  that  tlic  times  var^  only  in  Lbe  seconds  througbout  the  whole 
Vnited  States.  In  order  to  get  the  Standard  times  we  have  onljr  to  subtract  5 
hours  for  eastern,  6  boars  (or  ceitLrii),  7  lionrs  (or  mountain  and  S  hours  fbr 
Pacific  time. 

Mr.  Tbos.  Lindtuy,  assistant  Kecretnrjr  n(  the  Astrononiieal  and  Phvaical  So- 
ciety of  Toronto  scads  us  the  following  times  oi  the  contacts  nt  the  beginning  ol 
the  transit  at  NorthhcM. 

Enlcrior  contact  9»  65"  eO'.O  A.  M.l  ^„«„,  .,„ 
Intel  iorcoiiLacty''.^>7-2M*.4      "     /  Central  titne 

These  he  eoitiputnl  (nmi  the  dntn  given  in  the   Uritish  Nautical  Almanac,  eou 
sidcriug  the  transit  a»  ao  occnilalion  of  the  Sun  by  Mcrcnry. 

The  difference  between  his  result  nod  tli;it  gitcn  nliote  Is  chiefly  diK  lo  the 
difnerenee  in  time  of  conjunction  in  n};l)t  ascension  a%  )ti\ta  in  the  two  ntmannes. 
The  American  gives  the  Grvenwicb  time  of  conjunotion  as  6"  Si"  lit'.3  while  the 
British  almanac  gives  it  as  O**  6-I*"  47*.<). 


Obveivatlooj  of  the  Partial  Ecllpte  of  the  >00D,  S«pti;mbe[  t4tb,  1S94.— This 
eclipse  was  oti«crvcd  with  l\ic  IV-iii^'b  and  iiti  ftnder  and  photographed  with  tlw 
12-ineb  and  the  Willnrd  lens. 

Tlic  Hhnduw  seemed  to  lie  Ii}{hler  in  this  crlipse  than  in  others  1  have  seen.  In 
the  12-incli  itself  it  was  simply  n  pale,  .ishy,  dusty  abnde,  with  scaiccly  any 
boundary  line,  tlions;h  in  the  fmdci'  the  outline  of  the  shndow  was  iinite  marked. 
The  limb  of  the  Moon  and  details  on  its  etnfnce  were  seen  while  in  the  shadow— 
the  limb  being  more  cons|>{cnouii  than  at  prerions  eclipses  I  have  seen  at  a  ^milar 
stage. 

A  sharp  lookout  was  kept  fnr  the  ronUict  with  the  shadow.  At  7"  3S".7  I 
decided  that  the  limit  was  certainly  in  the  shadow.  Looking  in  tlie  finder  it  was 
seen  that  contact  was  cei-lainly  past,  at  the  shadow  nt  this  time  had  matlc  quite 
on  advance  on  tlic  Umb. 

TIk  foltowinj;  observations  were  obtained  and  will  be  quite  nccnrnte  as  lliey 
were  made  with  tlic  finder  and  tl>c  outline  uf  iIk  shadow  was  well  marked. 

Contact  with  tlic  6r9t  portion  of  Sinus  Iriilum,  7''  01"  00*. 

Uiscctin];  Plato.  7*  52"  40*. 

Risectine  I'lato,  !*•  01"  IC. 

The  last  contact  was  niMerrcd  at  H*'  2.'>"'.7,  though  a  decided  shAde  was  prra- 
cnt  at  that  point  of  the  hmb  lor  several  minutes  later.  TIm-  actual  contact  was, 
1  ba\'e  no  doubt,  later  ihrtu  this. 

Five  cxposurcH  were  made  with  the  1 2-ineh  with  aperture  redaced  to  4  inches. 
These  arc  fairly  satisfjictorj'  L'onsidcring  the  subject.  Nine  expo^nrcs  were  made 
with  the  Willard  lens  on  ibrce  plates,  a  Carbult  IrannparTney,  an  Eastman 
transparency  and  a  Cramer  "erown"  plate  ivery  rapid  plate).  The»e  art  Mils' 
factory  and  show  the  phase  far  better  timn  the  12-inch — ^ju«l,  indeed,  as  the 
naked  eye  shows  the  outline  of  tl»e  shadow  better  than  lite  leleseti|w  dors. 

In  this  ce1ii«e  the  shadow  was  n  dark,  cold  irrny  <in  iinder)  with  no  Hugite*- 
tion  of  warmth  nt  any  st.-i^^r,    I  think  it  wns  Itghirrthan  nsuol. 


The  outline  of  thr  ihailow  at  Lvntncts  wa«  too  Uidirfinitc  t<i  tnnk«  rT«ii  a»  a(^ 
proxiiiiBtc  stJCM  of  coiiiHct  times  of  any   vnlu« — niwi-iall^    writli  »i»t.*h   ■ 
in«tnitni-nt  o»  tlw  12-inch. 

Th«  recorded  times  Arc  Standnrd  Pacific^-fi*  0"  0*  *]ow  of  Orccawieli- 

V.  B-  tlASXAKO. 
Mt.  Homtltnn,  Sept  IS.  18U4. 


COMET  NOTRS. 


Correction  to  the  Photogrftpb  of  G«lB't  Comet  In  Astrooomy  xnd  Asttv-Pkyalc* 

(iVAB(Ut.— In  malting  the  Iinlf  tone  from  (hrgtnmcnntfli-t  pnvitiTr  I  «mt  r>f  thr 
photograph  of  Gnlc'a  Comet  on  Mar  5th,  the  positive  has  iinfortunitielj  s*>l  rr- 
v«n«l,  a*  will  t>c  Ken  by  compariion  with  lliat  of  Maj*  3  tn  AtmoxoiiT  an* 
ASTMU-Pursicv  for  June. 

As  thin  may  i-nuw  confusiou  it  will  tjc  well  to  corrcel  it. 

Tlie  one  for  May  3  is  correctly  printed— below  is  west,  to  the  r^bt  ts  oorll 
Thernfcravcr  Itaving  tmcil  the  wmnf;  niile  of  the  plflle  In  that  of  May  S.  thf  noni 
and  suiilb  ore  inten;han|;ed.    In  this  piclurr  tlw  west  is  nt  the  bottom  Init  ourtl 
»  to  the  Wfl.    Thtx  is  la  be  regretteil  and  the  orientation  •^huidd  be  conteitH  n| 
the  prints.  r.  C  BitKAHtt. 


New  Elements  of  Comel  Tempet  n,  iBg4,  III  1 1873,   IE.)— In  Asti 
ffathrkhten.  So.  32+fl.  Mr,  Schtilhnf  gives  new  elements  of  this  periodic 
eorrvcicfl  by  means  of  the  cnrly  observations  made  this  year.    He  says  that  it 
draimbic  that  the  comet  be  observed  as  lonf*  as  postibk  by  obaerrera  hariai 
the  use  of  pnwcrfnl  telesco|>c»- 

t^LRUKNTS. 


18ft4.U 


Epoch,  1804.  June  4.0,  Paris  u.  T. 
M=      7"    53'    09"Jii 
ir=306      15     00 
0=121      10     OS 
f   =    12      44     21 

^  =  33    ar.    27 

M   =6T9".930t 
loj;  a    —  0.47B3r>8 
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NEWS  AND  NOTES. 

We  believe  our  renders  vrill  pardon  the  delay  of  this  nnnilMT  wlivn  tbcj  Mv  : 
contents-  Thcchrif  rno«cor  it  wns  tlir  fact  Ihnt  the  copy  fur  some  pliilfs  mi 
to  build  late.  We  do  not  blame  anyone  for  there  wni  Kood  reaonn  for  the  1 
although  the  time  left  to  ns  was  too  short  for  prompt  palilication.  '■<■'■ 
tors  please  Iwar  in  mind  that  a// matter  should  be  in  hnnd  Iwforvli> 
moBtb  prveding  the  one  for  which  the  publication  is  dated. 


Thui  is  raanifeally  a  Mars'  oumbcr,  and  the  articles  and  cotorrt)  plate*  co«tt 
iMited  to  it  show  eameot  work  that  alrrady  compare*  very  wett  with  tliat  of  tl 
last  favorable  opposition.    We  will  soon  give  tnorr  articles  on  Hk  study  uF  Mat 
now  K"*"IS  **"  <ti  thi"  iitantry,  which  we  lielieve  will  ulill  add  to  tW  inlcfrat  of  ■ 
mdrrafrom  titr  news  we  have  iilrendy  iwcivcd  rroiii  jniiminenL  (dnrrre 
have  not  yet  rrporln)  tlirir  observation*. 


Heor^aniEatloii  of  the  U.  S.  Naval  UbHervntory.— On  Sc])!.  21.  H.  A. 
IIcflK'rt,  Secretary  u(  the  Haiy.  wrote  tf)  PnilnM>T  Williniti  HurkitCM,  *a>ifl^ 
Niilwtiintiall.v  that  Ik  hnd  appuiniril  him  A»lrom»nU'al  DircvUir  of  the  Naval  Ob- 
serrntnrjr.  to  be  in  rhitrsr  of,  anH  nrtipnnBihte  (tir  the  direction,  K'opc,  <|iinniit.v 
ami  (irrparntion  fnr  pnhlicBii'm  ol  nil  work  jiurely  iintrnnrtmicnl  to  he  jHTrormnl 
ul  the  ObwTvniory.  The  Sccrctanr  tidmits  tliut  the  criticisms  of  ostroiiomcm  in 
re|;anl  to  the  lack  of  syMent  io  a«tniiinniit'.'il  work  al  thv  ObservAlory  hn^vonic 
foutiilattoii,  hill  thnt  ull  utticr  chut^cv  ate  j;  ran  ml  less. 

Tlw  new  rcjtulaliotu  uiiilvr  wbtch  thin  iippnintiiiriil  in  iiDidr  pmvide  that  tiK 
Ohscrvatury.  under  tlw  c^mtryl  of  the  Scvrclary  of  the  Nnvy.  is  subject  to  iltc 
direct  su|>ervii)ion  of  the  bureau  of  e(iui]iinrtil.  that  n  nnvnl  utfiMr  it  nsiiri^iictl  aa 
8a|tcritilendenl  anil  thnt  the  Obacrvntnry  wirk  is  iliviilcit  In  twn  brnitt-hca,  nstrtt- 
nutnicnl  anrl  nnulkvil.  The  fii»t  of  thne  inchiiles  the  (ie)u>rtincnt  of  Aitronomlcnl 
olMcrrntions.  and  tite  il<^>«rtmcnt  i>f  the  nAulicnl  Hbiiaititi-.  The  accotid  inclui|oi 
the  >U-)Mirtrneiils  ul  iiuuttcnl  instruments,  of  ehronutnctrr!.  iird  time  service  ami 
uf  maKnctisin  and  ructeHKibitcy-  The  sii(>rrin(endent,  aa  tronimandinK  officer,  » 
i'liar>:ed  with  tltc  >^nrrnl  suiK^riuiendciH'e  anil  K^vernuieni  of  the  Utwervatory. 

Duttea  of  llu  Asironomk/tl  Himtor.—  \\\  oBiwrr*,  iiMiaiaiit  nitronontent, 
computera  anil  rmploye*  are  Duliject  to  bis  orrtmt  find  lie  reports  the  operH- 
tionsvf  the  Observnlorr  annually.  The  nntrononik'al  diiTCtur  h.-iscliar|;e  uf  nnd 
Jl  nt(MnsIble  fur  the  direclinn,  xofjc,  vhnriictcr,  i|uant>tr  and  |irr|Niriition  for 
pnblicaiion  o|  all  work  pnrrly  astronomiL-nl  which  in  performed  at  thcOlwervn- 
tory.  lie  hns  charge  of  the  llti-incb  nnd  l^iitch  r4|tintoniil  telcACOfws.  thcU-incb 
And  U-ini'h  Irnuut  circles  and  in  fiU't  all  the  iivtronomirnl  itiittrutncnls.  He  in  In 
personally  inaprct,  liolh  day  nnd  nijfht  the  niclbiidp*  "t  nliwrtnli<in  and  is  to  prr- 
seni  to  iWdcpiirtincnt  on  ihrlrtKl  dnvKof  June  ninl  Dci'rtntKT  ol  each  year  reports 
Upon  the  qualities  uf  his  tubordinatei^.  their  a|»titudc. efficiency,  ind.  punctuality, 
hi'nltU,  nnd  dcportinrnt. 

He  is  not  to  enter  into  any  n«nretncnt  with  other  Observntories  for  the  per- 
formnnceol  work  which  will (Ki.ll|iy  the  timeol'iiny  nlnerver  mure  than  one  month 
without  ihe  HaiKtion  ol  the  ile|>.trtnt(rnt. 

The  directni-  uf  i\ve  Nnuttciil  Almuniu-  is  held  directly  rcsponxible  for  all  that 
[KTtuins  to  thnt  publication. 

Saatkat  SniHraoKtitM  anti  Timc.—Tiie  Hcirt  of  the  department  of  nau- 
tical instruments  is  to  sec  thnt  all  tlw  iniitrumcnis  issticd  except  chronnmetrr^ 
are  thurouf^hly  insiieclrtl,  that  a  record  vbnll  lie  kept  of  rncb  instrument,  nnd  is 
held  responsible  for  the  snic  hceptng  of  instruments. 

The  hcfxl  of  tlie  rhronomeler  and  time  fcrviee  drpnrtment  is  tu  make  all  the 
dclrrminationauf  local  time  that  nrv  nnrssary.  will  irnnsmit  the  lUily  time  sij* 
nnis  nnd  care  foratllhe  lime  and  ihronumrier  wi>rk  nl  the  OlMervMtory.  The 
head  of  tlie  mBgnctism  nnd  mctcoruluxy  dcparlincnl  is  lu  keep  up  a  continuous 
srrirs  of  olMrrv-ntiuns  and  rr|>ort  any  nousnal  dislurbnnt*es,  their  protaitde  cniiir 
and  relation  to  visible  phenomenal. 

An  nnnual  report  of  the  o)x.'rationa  in  the  vnriuus  departments  fur  tbc  pmrd- 
iuj;  iisrni  year  should  be  submitted  to  the  supi-nnlnKlent  J  uly  I  ■'». 

The  rrgntationsfor  the  supervision  of  the  library,  the  hmtdin^rs  nnd  grnnnds, 
tboac  ]{Orcniinfc  the  instrument  malca',  cicclrii-itin,  wnlcbmni,  (irr  nr}tnniMition 
nnd  laborers  ure  nil  plnc«tl  under  tbc  rontml  of  the  siiperinlendent. 


Ifsuticel  Almsatc  Krror  Id  Distfsm  of  Hsu'  Satellite  OrbiU. -ProFcHor  Wil- 
liam H.  Pickering,  Lowell  Observatory,  FIncstatf.  Arizona,  mils  our  at  lent  ion  in 
a  alijcht  error  in  tlie  American  tipbemcris  regarding  lh«:  orbits  of  the  satelbtes  of 
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M.irsiiHfbunrI  nn  p.i;;r  4ri(>  of  ihr  nplicmcrM  for  ISttt.  The  nrrowm  ■boul 
turnril  in  the  opposite  direction  nrul  lliir  orbit  of  I'liubot  should  pnu 
the  buttum,  inatcad  of  in  front  of  tlir  lojj  iif  the  iliac.  Tbis  emif  wa»  i 
Mr-  A.  I-'.  Uoufjiasx  of  I^wrlt  Ubwervtitor^,  Scptnnlicr  I'itli,  who  noti 
lie  took  to  be  two  faint  stars  near  cite  planet.  He  soon  saw  that  tbcy 
inj;.  but  nut  tiring  nt  clon^Ation  t)>ryftid  not  ugrce  tti  poMtton  with 
placm  nf  the  snlctlitrs.  h  little  iiivciligation  soon  sliowcri  where  the  etntt 
llceaiiU-  folluwrd  Pliubus  in  vvilhiu  leas  thau  a  lailius  of  tlic  jilanct.  A  rI 
utthc  diagram  in  the  Eplictneiis  will  show  the  tnistiike,  for,  stnce  ilic  iiitej 
revolve  nearlv  in  the  ptmic  of  the  planet'a  tT|Hator.  ntid  the  9(»tith  \K>ic  (■*  in 
tiiwariU  U!t.  tlie  stoulhcrn  Hide  of  the  orbit  <i*'  Pbultos  tdusi  I'lcnrlv  t"*^"  "1 
further  side  nf  the  iilniiet's  south  pole,  Since  the  motion  of  the  saiellite  is  i\ 
ifac  arrows  mnst  certainly  point  in  the  opposite  direction.  i 

We  hail  not  niiilccil  this  error.  We  have  had  a  new  cut  made  sbowiml 
orbits  of  the  satellites  correctly  in  these  two  particulars.  It  will  be  foutia 
where  in  this  nunther 


The  ChiCAgo  Acadeniy  of  Science*.— SrWron  ofAatmtivmr  nttd  Malt 
Svpt.  4th.— Tht  regular  inoiuhly  meeting  was  licid  in  the  Commcrtx  Cli 
torium  Itiiildinc.  Sept,  Hh:  l'('off<i&or  <>.  W.  lloiish.  president,  in  itic  I'hi  _ 

IV'ilesior  (Sco,  L.  Hale,  who  h.-is  just  irtiiroccT from  s\n  eslensivc  trip' 
rrnrl  the  lirst  papur  of  the  evcniiis  on  "Some  Barojxnn  Obscrrntaries  and 
IVorA  rAer  /ire  tloinp."  f'rof«sor  Ilnle  jjnvc  an  interesiinR  and  rnthc» 
nvroiint  of  hi*  vinil  to  the  vjirioim  Astro-!' hysicnl  OUscrviitorics  in  Bnijl 
Kriiiice.  (jfrniiinv.  Aiistrin  i<nH  Italy.  The  speaker  seemed  much  nU 
with  his  vii^it  to  Mr  llic^  in  tiirerpoot.  Ur.  Iliigeina  and  Mr.  kaiiyord  lit 
duo;  I'rofrwiM- Voytl  in  f'i*l)>diini  :ind  I'rofcMor  Tncchini  in  Komr.  lie  tict 
thescknlitk  and  «oeiid  eveulK  atLcnding  his  visit  to  the  difierent  obscrvsU 
and  8poke  in  terni-i  of  worm  npprccinlion  of  the  courtesies  and  hospital 
ahnwa  him  by  all  the  Eitroiicnn  nut ro- physicists. 

Dnrintc  his  stay  in  Berlin,  he  had  been  cn^aited  upon  some  mcarchcs  ■' 
Physical  liiMiitiite  on  the  effect  of  ultra-violet  h>!ht  in  discharging  a  sudium  i 
in  viiL'uo.  Hv  wn«  greatly  intrroicil  in  the  wiirk  he  fonnd  in  progress  at 
Pots>Uni  Observatory.  amS  said  thnt  I'rofessor  Vogci  hiid  shown  a  ■'"■■■.  -r" 
in  the  phtns  of  the  Verkes  Observatory,  which  were  then  being  rcM 
fccle<!.  Fr<irn  flerlin  I'rofi'VM>r  Mstle  went  to  Vienna,  and  after  vi^i 
jierial  ami  voii  KufTner  Observatories  eoutinued  his  iourney  to  Rutne,  « 
aereral  weeks  were  spent  with  Professor  Tacchini  at  the  Roman  Collei^  Oba^ 
lory 

Tile  speaker  then  gave  nn  account  at  bis  trip  to  Mt.  ^Ina  with  Profi 
KIci'A.  undertaken  with  the  hope  of  photographing  the  corona.  Tbecipcrini 
were  unin('<,Y*!>ritl  nwing  to  the  xinokc  of  the  volc:(no,  and  the  hncc  ol  the  a 
sphere,  and  he  l"ft  the  upparatiis  invbarxe  of  Profoisor  RiccA,  ana  retornct 
Paris  anil  London, 

TIk  aiKiiker  seemed  well  plenxcd  with  his  interesting  journey,  and  l 
niiiny  new  liiicv  of  resenrcli  liud  been  suggested  by  the  work  bt  fDuad  ioi 
abroad.  '^ 

In  eonclitsion,  Profes»or  Hale  ihonght  thnt  wrhite  the  European  cuuill 
genrrally  in  advance  of  iVmeriva  in  nioHt  branches  of  pure  Kcicnee.  this  was 
true  in  Astrr-Pliysics,  a*  the  great  appliances  ol  the  Amerieans  had  ]ti«ra  I 
tl»e  lead.  The  paper  was  illuilralctl  by  Innleni  projections  anil  was  Itigldj 
preciated  by  the  nieinlK-nt  uf  the  Academy. 

t>r.  See  presented  the  wtontl  pa))er  on  "  Tiie  Locus  of  the  Centre  of  Cm 
Sir  a  HoniitfieiKtiu*  lUlif>st>kl  of  h'crttliition,''  nn  investigation  to  whicj 
been  led  by  his  lecLurcii  at   the  L'ni  wntity  of  Chicago  on  the  Attrn 

Figures  of  the  Heavenly  Bodies.    The  work  is  supplementary  In  the     

tions  of  Herscliel  and  Airy,  and  itt-enivd  t<i  throw  a   verv  eleor   light   a|MT 
theory  of  the  attraction  of  a  bouiogeiieoux  planet.    Oa  motino  of  ProfcMor 
it  was  voted  to  incorporate  the  section  of  Physics,  so  thai  tins  section  o{ 
Academy  of  Sciences  %vill   hereafter  he  knuurn  a«  the  Seetion  of  MatbemJI 
Astronomy  and  Physics.  ~ 

After  some  diseussion  ttK  meeting  ailjoumrd. 


Astronomy  and  Astro-Physics. 


vot.  xm,  Bo.  9. 


NOTEMBBR,  1S94. 


waois  Ho.  iig. 


General  Astronomy. 


THE  30-lNCH  EQUATORIAL  OP  THE  CHAMBERLIN  OBSERVATORY.* 

B.  A.  IfOWB.  t»»CTO«. 


The  work  of  mounting  the  twenty-incU  equatorial  of  tlie 
Ch»tn1ierliii  Observatory  was  begun  in  July,  and  tlie  iitstrumeiit 
is  now  in  fair  shape  for  use.  The  fact  that  the  writer  was  able 
to  get  the  instrument  together  without  mistakes,  and  without 
the  help  of  any  skilled  niechauicis.  speaks  well  for  the  care  which 
was  exereised  in  fitting  and  nifjrking  every  |iiece  in  the  shop.  As 
this  is  the  first  large  mounting  of  Mr.  Sacgnnilier's  construction, 
which  has  been  set  up  in  this  country,  astronomers  will  lie  inter- 
ested to  know  aljout  its  iJcculiaritics,  together  with  the  excellen- 
cies and  the  faults  (if  Huy)  o[  its  construction.  I-irsi,  however, 
for  the  object-glass: 

The  Oujective.— The  discs  for  this  were  obtained  yf  Fell  and 
were  figured  by  Alvau  G.  Clark,  They  arc  wcll-ntgh  perfect 
specimens  of  optical  glass:  the  crown  lens  is  free  from  stride,  and 
the  writer  could  find  only  three  or  four  small  ones  In  the  flint 
lens.  No  polarization  was  shown  by  thcordinary  test  by  reflected 
light,  using  a  Nicol's  prism.  There  is  but  one  noteworthy  bubble 
whieh  is  a  millimeter  and  a  half  in  diameter.  The  color-corrcc- 
tiort  is  better  thfin  the  writer  expected  with  so  large  a  glass  of 
the  usual  type,  and  tlie  defining  power  is  exquisite. 

r.nNiiKAL.  DiscKii'TiON  ov  THE  MoDNTINC. — The  ]Mcr  Oil  which 
the  instrument  sUinds  is  built  of  a  tough  sandstone,  being  faced 
with  dimension-stone,  and  filled  with  heavy  rubble  work.  Its 
foundation  is  grout.  The  pier  is  16  it.  square  at  the  base,  11!  ft. 
square  at  the  top,  and  25  ft.  higli,  its  base  l}eing  12  ft.  below  Lhe 
surface.  Into  this  pier  are  let  three  steel  bolta.  0  ft.  long  and  3 
inches  in  dianieicr.  Their  heads  lock  into  horizontnl  foot-plates 
2  ft.  si|uare,  imbedded  7  ft.  deep  in  the  masonry.  On  top  of  the 
pier  lie  three  similar  plates,  through  which  the  bolls  run,  and  to 
whk:h  they  are  held  by  very  Iteavy  nuts.    On  these  bolts  is  snp- 

*  Cantinunicaled  hy  tbc  author. 


ported  the  "000  lb.  cnstitig  (shown  in  mt).  which  fnrmetl  th* 
lowest  stcctioti  of  the  pitlar,  its  top  being  ncnrK-  flui^h  with   the 
floor  of  the  dome  room.    The  ndju$tm<-tit  of  ihc  instrument  io 
latitude  is  made  by  Ufting  the  entire  column  by  raca»9  of  the  a>l- 
justing  nuts  on  the  north  bolt.    Upon  this  massive  tripod  stand* 
a  bcil-shnped  costing  6  (t.  in  diameter  at  the  base  and   ahont 
o  ft.  high,  to  which  is  fastened  by  bolts  running  through  internal 
tiangcs  a  second  casting,  on  which  in  turn  stands  the  squan:  ^ 
dock  case.    The  adjustment  in  azimuth  is  t)cneath  the  floor,  ttw  f 
bell-!»ha)Kd  cattting  being  rotated  by  three  pairs  of  opposing  od-      ' 
justing  screws.    The  clock  box  can  be  aliifted  in  azimuth  (with- 
out adjusting  scrcws)and  is  held  in  place  by  four  set  screws  inatidc  ^ 
the  pillar.    The  headstock  is  of  a  pcctdiar  form,  and  projects  far  to  H 
the  south  of  the  pillar,  so  that  the  centre  of  gravity  ofcrery-" 
thing  above  the  clock-case  is  well  in  toward  the  geometrical  axis 
of  the  pillar.    The  weight  of  the  entire  instrument  is  25,0<K>  lbs. 

Anti-Fwction  Dkvicbs.— The  polar  axis  is  a  fme  piece  of  Mid- 
vale  steel  resting  in  phosphor  bronze  bearings.  The  Friction  at 
the  upper  bearing  is  relieved  by  a  set  of  six  hardened  steel  roller*, 
each  a  foot  in  diameter  iiud  a  quarter  of  an  inch  thick,  which 
stand  vertically  side  by  side  on  the  same  axis.  This  axis  is  sup- 
ported in  an  antr-friclion  Ijcaring  composed  of  small  hnrdrnrd 
steel  cylinders.  The  system  of  rollers  is  nearly  under  the  center  of 
{;;ravtty  of  the  moving  portion  of  the  instniment.  and  is  preSAcd 
upward  by  a  powerful  bar  spring  inside  of  the  headstock.  Any 
desired  tension  is  put  upon  the  spring  by  means  of  a  worm-gear, 
nnd  the  polar  axis  may  thus  be  lifted  entirely  off  its  upper  bear* 
iog. 

The  comparatively  slight  tendency  of  the  lower  end  of  tbe  polar 
Axis  to  rise  is  counteracted  by  a  friction  roller  placed  above  It. 
The  end  thrust  of  this  axis  is  smnll  and  is  taken  by  a  ball  bcarnig 
at  the  lower  end  of  it. 

The  declination  axis  runs  in  plain  bearings,  Init  the  end  thnut 
is  taken  by  a  ball-bearing  at  each  extremity  of  the  axis.  Tlie 
ball-bearing  at  the  snmll  end  of  the  axis  is  adjustable  nnd  firmlv 
secured  by  a  set-screw.  A  iiraclical  advantage  of  havins  plain 
bearings  on  the  declination  axis  is  that  when  the  instrument  is 
near  the  meridian,  so  that  there  is  very  little  pressure  on  tlie  ImiU- 
bearings,  the  friction  is  sufficient  to  keep  the  inatruroeDt  from  ro* 
tating  when  the  micrometer  is  put  on  or  taken  off.  Thus  no 
manipulation  of  the  counterpoises  is  neecssar>'.  The  larj^  screik' 
on  which  the  counterpoises  for  declination  are  strung  is  not  ft 
continuation  of  the  axis,  but  of  the  sleeve. 


Dkiving  Clock.— The  driving  clock  Ims  a  Yotnig's  ilonlilc  coni- 
cal [leiidulum,  the  friclion  shoes  of  which  are  shod  with  vcfictnble 
fibre.  The  venicnl  spinrlle  which  carries  ihe  pendulum,  cnrrics 
also  near  its  lower  end  n  horizontal  wheel,  on  the  lower  face  of 
which  are  set  two  diametrically  o|>pnsite  armatures,  which  re- 
volve over  opposite  pairs  of  liclices,  for  electric  control.  The  pen- 
dulum nialies  two  rcTolutions  in  a  sidereal  second,  and  the  helices 
arc  supposed  to  quicken  or  to  retard  its  motion,  as  may  be  neces- 
sary. The  clock  train  carries  n  chronograph  which  may  be  os«l 
cither  for  regulating  it,  or  for  ordinary  noting  of  time.  The  clock 
may  be  started,  stopped,  or  wound  from  the  lloor,  and  runs  so 
admirably  that  an  electric  control  seems  almost  a  sui>erlluity.  An 
electric  motor  for  winding  the  clock  is  in  contemplation.  In 
■winter  heated  air  from  a  room  ticlow  rises  inside  the  pillflr,  and 
keeps  the  clock  warm  by  day  and  by  night. 

Main  Cihclks.— Each  vernier  of  the  hour  circle  is  rend  from  the 
floor  by  a  reading  telescope  near  the  dial  box  on  the  south  face  of 
the  pillar;  the  smallest  reading  is  one  second,  butlmlf  a  second 
may  easily  be  estimated.  The  verniers  of  the  declination  circle 
are  rend  from  the  eyeend  by  two  telescopes,  the  smallest  reading 
being  n  seconds  of  arc.  The  divisions  on  both  circles  arc  exceed- 
ingly satisfactory  in  point  of  sharpness  and  distinctness. 

Setting  Cmt-LHs.— The  observer,  when  on  the  floor,  sets  the 
instrument  to  any  desired  right  ascension  and  declination  by 
turning  the  hand-wheels  on  the  south  side  of  the  pillar,  and  read, 
ing  the  two  dials  contained  in  the  large  cylindrical  box,  winch  is 
above  them,  on  a  level  with  the  eye.  Each  dial  hand  moves  at 
dqjible  the  angular  speed  of  the  corresponding  axis.  The  declina- 
tion dial  is  figured  from  0°  to  QO''  each  way,  the  smallest  space 
being  1".  The  right  ascension  dial  has  five-minute  spaces,  and  is 
driven  by  an  dght-day  clock.  Xotwithstanding  the  large  number 
of  gears  involved  in  driving  this  mechanism,  the  total  back  lash 
is  so  small  that  a  star  of  known  coordinates  is  brought  near  the 
center  of  the  finder  at  once. 

It  is  important  to  have  another  system  of  setting  circles  visible 
from  the  eye  end  when  the  observer  is  on  the  north  side  of  the 
pillar.  This  system  consists  of  a  4  ft.  circle  on  the  declination 
sleeve  which  is  read  by  the  naked  eye  of  the  observer  at  the  eye- 
piece to  the  nearest  quarter  of  a  degree  with  entire  ease,  and  a 
3  ft.  circle  on  the  north  side  of  the  clock  box,  which  is  similarly 
read  to  the  nearest  minute  of  hour-angle. 

Illumination. — As  the  entire  building  is  lighted  by  an  alternat- 
ing current  at  a  pressure  of  50  volts,  this  current  has  been  uti- 


Hzcd  for  the  t\vo>candle  power  lamps,  wliicli  illuoiiDatc  the  %i 
iers  of  the  main  cleclinatiou  circle,  the  Inrjie  settinfj  circlet*,  il 
i)iicron>eti:r,  the  Iiatid  huiip,  etc.  The  mniii  hour  circle  in  lit  up  )jj 
two  lamps  of  X&candle  power  each,  which  are  so  pinccd  Ibal 
they  liglit  up  the  dials  south  of  the  pier  ast  well.  An  the  voltnhM 
of  the  hongc  current  is  too  high  for  the  smnll  lani[f»,  it  if  mt 
through  a  special  converter  made  by  Mr.  E.  G.  Richardson, 
Pcnver,  and  presented  by  him  to  the  Ohservntory.  The  convcrte 
carries  n  switch  by  which  the  voltage  of  the  Rceondary  curnciil  ii 
made  In  suit  the  small  lamps,  which  are  arrnngcd  in  parullel,  am 
arc  thus  as  easy  to  control  as  the  house  latnpH.  The  light 
steady,  and  there  are  no  batteries  lo  require  attention.  Tfaisi 
method  of  illumination  is  so  eminently  satisfactory  that  it 
urgently  recommended  to  all  Observatories  which  have  ncccu  to' 
an  filternating  current. 

The  converter  isinside  of  the  pillar,  about  4  feet  above  the  floorJ 
and  i.s  reached  through  a  large  opening  on  ihf  north  side  of  the' 
pillnr.     The  secondary'  wires  run  up  from  the  converter  tbroo^i 
the  clock  case,  thence  out  of  n  hole  in  the  nose  of  the  headstock.] 
up  through  the  [>olar  axis  (which  is  hollow)  into  the  declinnticni 
sleeve,  emerging  at  the  inner  end   *>f  the  sleeve,  nml  iKring  ther* 
attached  to  a  scries  of  concentric  rings.    Springs  fastened  to  tl 
telescope  tube,  and  pressing  against  these  rings,  lead  the  corrcnl 
to  all  rcqiitffil  jiotnts  tin  the  IuIh.-.    All  switches  arc  plnced  ju*t 
where  they  ought  to  be,  and  the  writer  expects  great  satttfActit 
from  the  completeness  and  ensy  manipulati<m  of  the  clwtric  light- 
ing. 

The  Evk-Exp.— To  tlic  end  of  the  main  sheet  steel  portion 
tlie  tube  is  attached  a  short  cylindrical  casting  upon  which*r 
tates  a  spt-ctroscnpL- jacket,  similar  to  that  on  the  Lick  tckscope. 
In  order  to  adapt  the  tnbc  to  photography,  the  entire  eirC'Cnd  bag ' 
Ijecn  made  to  slide  upwards  a  distance  of  about  3  feet.  Iicinj 
guided  by  four  steel  rods,  which  run  in  eight  guiding  lu>^  nnthii 
the  casting  which  supports  the  specU'o.wopc  jacket.    Pot  vbi 
work  this  6li<ling  piece  is  pulled  ont  as  far  as  p<.     '  *  fiir' 

photography  it  is  thrust  clear  home,  so  that  tin  ,  J'hic, 

focus  lies  outside  of  it.  In  either  position  the  sUding  rods  arc  hclt 
by  clamp  .tcrcws.    At  the  lower  end  of  the  sliding  piece   i»  nt-i 
taclicd  by  a  bayonet  joint  the  tail-piece  proper,  consisting  of  ti 
focnssing  tulKS.    The  tail-piece  has  lateral  adjusting  scrrwa, 
that  the  sight  line  may  l»e  made  jKTpendiculnr  to  tlie  declination' 
axis.    There  i«  but  unc  tinder,  uf  (ivc  jnche*  ajjcrturc. 

MicHuuETUK.  — This  nttnchment  varies  in  some  paTticii]Anb| 


from  the  ordinary  American  form.  The  verniers  aad  the  pinion 
lor  rotation  iu  position  angle  are  fixed,  while  the  position  circle 
revolves.  Thus  the  observer  can  alwavs  liiid  the  pinion  and  the 
verniers,  without  loss  ol  lime.  The  circle  which  is  9  inches  in  di- 
ameter is  divided  to  each  tenth  of  a  degree,  and  can  be  read  by 
the  vernitrs  to  hundredths  ji  desii-ed.  Parallel  to  the  movable 
micrometer  wire  is  a  system  of  wires,  spaced  at  distances  of  5 
minutes  of  arc,  for  facilitating  observations  of  comets  or  aster- 
oids. There  is  but  one  fault  to  be  found  with  the  micrometer, 
namely  that  in  certain  positions  the  ends  of  the  box  arc  over  the 
verniers,  making  them  inconvenient  to  read.  It  is  only  just  to 
the  maker  to  state  that  he  has  promised  to  remedy  this  defect, 
together  with  any  others  which  the  observer  may  discover,  after 
using  it  awhile. 

Adaktation  to  PiioTOBHAPitv.— The  crown  lens  of  the  objective 
is  reversible,  the  two  lenses  lieing  then  separated  by  several 
inches.  To  accomplish  tliis  ihe  telescope  ts  iK>inled  to  the  nadir, 
and  the  lower  end  of  the  tube  is  fastened  to  the  pillar  by  a  simple 
device.  A  reversing  carriage  is  then  run  under  the  objective,  so 
that  the  crown  cell,  which  weighs  aboui  l.'iO  lbs.  is  safely  taken 
t)ff,  tunje<I  over  and  put  back.  When  one  wishes  to  photograph, 
the  r.-ineh  finder  and  the  entire  system  of  handles  for  clamping 
«nd  executing  slow  motions  in  right  ascension  and  declination 
are  slid  up  the  side  of  the  tu))e  so  as  to  he  out  o(  the  way  of  the 
photographer  though  still  usable.  The  tail-piece  is  then  removed, 
and  the  plate-holder  attached  in  its  place  hy  a  bayonet  joint. 
The  plate-holder  is  movable  in  both  right  nscension  and  declina- 
tion by  five  screws,  the  hack  lash  being  controlled  by  powerful 
springs. 

For  "following"  there  is  a  photographic  finder,  the  objective 
of  which  is  fi  inches  in  aperture,  and  is  mounted  on  the  outside  of 
the  main  telescope,  close  by  the  20-inch  glass.  The  eye-end  of  the 
photographic  Under  is  n  small  micrometer,  which  is  attachetl  to 
the  piflte-holder  by  a  sliding  mechanism,  which  allows  the  mi- 
crometer to  Iw  moved  quite  a  distance  in  right  ascension  or 
declination  or  both,  till  n  star  suitable  for  "following"  is  found, 
and  pineeil  at  the  intersection  of  the  s]>ider  webs.  It  is  hoi>cd 
thai  ihe  displacement  of  the  image  on  the  photographic  plate  by 
changes  of  refraction,  differential  flexure  of  the  tulje.  etc.,  will  Iw 
praetienlly  the  same  as  the  displacement  of  the  star  which  is  used 
for  "  following."  If  there  is  any  twisting  of  the  plate  about  the 
line  of  colliniation  as  an  axis,  it  may  be  possible  to  detect  it  by 
turning  the  position-circle  of  the  micrometer  sn  that  one  of  the 


Bpider-webs  slinll  hiHtrct  tn*o  stars  at  opposite  sides  of  the  fidd  ciT 
view.    Xo  nxyhanism  has  l>«a  provided  for  correcting  »ucli  • 
twist,  but  should  tlic  twist  be  discovered,  it  will  be  easy  to  nt-j 
tach  the  pJate-holdcr   to  tlic  rotating  spoclroscope-jacket.  tbt] 
motion  of  which  is  controlled  by  a  worm. 

RiOiBiTY,— As  it  is  well  known  that  Mr,  Sncgniullcr  strive  tu 
bnild  his  instruments  as  h'ght  as  is  consistent  with  proper 
strength,  some  astronomers  luive  feared  thai  a  lorpc  teIe»coi»e  o( 
his  coDstruction  might  lack  rigidity.  This  mouatiap  is  not  open 
to  such  a  charge,  and  roust  be  considered  ns  reflecting  jpirnt  credit 
upon  its  malccr. 

THii  Observino  CuAiB.— This  is  13  ft.  high.  OVa  ft.  wide  and 
9  ft.  deep.  The  platform  (-!■  ft.  by  3}  slides  up  and  do^vn  on 
four  heavy  trnnk  rollers,  and  is  supported  by  a  Ihree-quaricr 
inch  Manila  rope  which  takes  a  turn  and  a  half  around  a  six-inch 
oak  drum ;  it  is  so  couuterbulaiiccd  as  to  require  only  the  pres- 
sure of  cue  fm^er  to  raise  it.  If  twi>  or  three  heavy  persons  arc 
to  be  vn  the  platform  at  once,  an  extra  turn  of  the  rope  around 
the  drum  j^ives  security  aj^ainst  sliding  downward.  The  chair  is 
mounted  on  four  of  Martin's  truck  castors,  which  arc  equipped 
with  anti-friction  wheels,  so  that  they  rotate  about  their  vertical 
spindles  easily.  A  ring  of  iron  concentric  with  the  top  of  the 
wall  of  the  room,  and  3  ft.  less  in  diameter  kee|>8  the  chair  from 
running  against  the  electric  lights,  etc.,  on  the  wall.  The  chair 
works  very  satisfactorily. 

Univkksitv  Pakk,  Colo. 


THE  PLANET  MARS.' 


OlOVANNt  KCillAPAKBLI.!. 


As  our  chart  demonstrates,  in  its  generid   topuv  Mai 

does  pot  present  any  analogy   with    the  Earth.  of  its 

suTface  is  occupied  by  the  great  Mare  Auatrak,  which  is  strewn 
with   many  islonds,  and  the  cuntinents  arc  cut  up  by  nd 

ramifications  of  varJtms  forms.    To  the  general  water  ^^.  'w- 

longs  an  entire  scries  of  small  internal  sens,  of  w^hich  the  Uad> 
riacum  and  the  Tyrrhenum  coniinunicntc  with  it  by  wide 
mouths,  whiUt  the  Cimmcrium,  the  Sircoum  and  the  Solis  Lacus 
lire  connected  with  it  only  by  means  of  narrow  canals.  Wr  shall 
notice  in  the  first  four  a  parallel  arrangement,  which  certainty  is 

*  Continued  (roin  pAgr  040. 


not  occidental,  as  also  not  without  reason  is  the  correspondinj; 
poflition  of  the  peninsulas  of  Ausonia,  Hesperia,  and  Atlantis. 
The  color  of  the  seas  of  Mars  is  generally  brown,  mixed  with 
Krcy,  but  not  always  of  eqiinl  intensity  in  all  places,  nor  is  it  the 
same  in  the  same  place  at  all  times.  Prom  an  absolute  black  it 
may  descend  to  a  light  grey,  or  to  an  ash  color.  Such  a  diversity 
of  colors  may  have  its  origin  in  various  causes,  and  is  not  with- 
out analogy  niso  upon  the  Rarth,  where  it  is  noted  that  t!ie  seas 
of  the  warm  zone  are  usually  much  darker  than  those  nearer  the 
pole.  The  water  of  the  Baltic,  for  example,  has  a  li^ht,  mnddy 
color,  that  is  not  observed  in  the  Mediterranean.  And  thus  in 
the  seas  of  Mars,  we  see  the  color  become  darker  when  the  Sun 
approaches  their  zenith,  and  summer  begins  to  rule  in  that  re- 
gion. 

All  of  the  remainder  of  the  planet,  as  far  aa  the  north  pole,  is 
occupied  by  the  mass  of  the  continents,  in  which,  save  in  a  few 
areas  of  relatively  small  extent,  an  orange  color  predominates, 
which  sometimes  reaches  a  dark  red  liiit,  and  in  others  descends 
to  yellow  and  white.  The  variety  in  this  coloring  is  in  part  o( 
meteorological  origin, in  part  it  maydci>end  on  the  diverse  nnturc 
of  the  soil,  but  upon  its  real  cause  it  is  not  as  yet  possible  to 
frame  any  very  well  grounded  hypothesis.  Neveithclcss.  the  cause 
of  this  predominance  of  the  red  and  }  cltow  tints  upon  the  surface 
of  ancient  Pyrois  is  well  known.*  Some  have  thought  to  attri- 
bute this  coloring  to  the  atmosphere  of  Mars,  through  which  the 
surtnce  of  the  planet  might  be  seen  colored,  as  any  terrestrial  ob- 
ject becomes  red,  when  seen  through  red  glass.  But  many  facts 
are  opposed  to  this  idea,  among  others,  that  the  polar  snows 
appear  always  of  the  purest  white,  although  the  mys  of  light 
derived  from  them  traverse  twice  the  atmosphere  of  Mars  under 
great  ob!i(iulty.  We  must  then  conclude  that  the  arean  conti- 
nents apiicar  red  and  yellow,  because  they  are  so  in  fact. 

Besides  these  dark  and  light  regions,  which  we  have  described 
a.s  seas  and  continents,  and  of  whose  nature  there  is  nt  present 
scarcely  left  any  room  for  doubt,  some  others  exist,  truly  of  small 
extent,  of  an  amphibious  nature,  which  sometimes  appear  yel- 
lowish like  the  cuntinents,  and  are  sometimes  clothed  in  brown, 
(even  black  in  certain  cases)  and  assume  the  appearance  of  seas, 
whilst  in  other  cases  their  color  is  intermediate  in  tint,  and  leaves 
us  in  doubt  to  which  class  of  regions  they  may  belong.  Tims  all 
the  islands  scattered  through  the  Marc  Australe  and  the  Mare 

*    r.rroiA  I  tnl(«  to  \tv  Mttnc  t«rr«Btrial  irgion.  altltvugli  t  linvc  not  licvu  olile 
t'J  find  anv  irnnslution  of  the  ndinc—  Tr. 


Erytlirncum  belong  to  this  category,  bo  too  the  looR  pctitiwol 
cnlleil  Pcucjilionis  Regto  and  Pyrrh^e  Ri'gio.  nnil  in  the  vicinity 
the  Mare  Acidalium  the  regions  dcsignnted  l>y  the  name*  o(  Bsl 
tia  and  Nerigos.    The  must  natural  idea,  nnd  ihe  one  to  \rhu;lt| 
we  should  be  led  by  analogy,  is  to  suppose  these  regions  to  rrprr- 
seut  huge  swamps,  in  \vhich  the  variation  in  depth  of  the  wutc 
prodaces  the  diversity  of  colors.     Yellow  would  prrdominntc  in] 
those  parts  where  the  depth  of  the  Ii<|uii]  layer  wu9  reduced  tai 
little  or  nothing,  and  brown,  more  or  less  dork,  in  thc«4r  plom] 
where  ihe  wntcr  was  sufficiently  deep  to  nlMnrb  more  light,  antl( 
to  render  the  Ixjtton  more  or  less  invisible.    That  the  water  oC' 
the  sen,  or  any   other  deep   and   transparent  water,  seen   from 
above,   ap^^iears  more  dark  the  greater   the  depth   of  tbc   lii|aid 
stratum,  and  that  the  (and  in  cttmparison  with  it  ap|xrars  bright] 
under  the  solar  illumination,  is  known  nnd  confirmed  br  rertniir| 
physical  i-casfHis.     The  trjivcller  in  the  Alps  often  has  occasion  toj 
con^nnce  himsL'lf  of  it,  seeing  fr>>m  the  summits,  the  drcp   lakni 
with  which  the  region  is  strewn,  extending  under  his  feet  as  hlarkj 
ns  ink,  whilst  in  contrast  with  them  even  the  blackest  roclu 
lumined  by  the  sunlight  appeared  Imllinnt.* 

Not   without    reason  then  have  we  hithrrto  allribulcd  to  ibe] 
dark  spots  of  Mars  the  port  of  sens,  nnd  that  ofcontineiitB  to  the] 
retldish  nrciis  which  occupy  nearly  two-thirds  of  all  the  ;.i    -■-■ 
nnd  we  shall  find  later,  other  reasons  which  confirtn  thU  n 
of  rcitsortin]!^.     The  continents  form  in  the  northern  hf  n 

nearly  continttons  nioM,  the  only  important  excc|itioii  ••^•'■-^  tl 
great  lake  culled  the  Mnir  Acidaliuni.  uf  which  ihc  extent  may 
vary  according  to  the  limr,  and  which  is  connected  in  «omc  wh] 
witli  the  inuiidutions  which  we  have  said  were  priMlunrd  *  - 
melting  of  the  snow  surrounding  the  north  pole.  To  ibc  - 
of  the  More  Acidalium  undoubtedly  liclong  the  tcni|»ornry  lakt 
called  Lacuii  HvpcrlK>ren8  and  the  I.KCutt  Niliaiun.  Thi»  Inst 
ordinarily  separntcd  fnnti  the  Mare  Acidalium  Itv  nicai»  of  m 
isthmus  or  regular  dum,  of  which  thecunliiiuity  wati  iinlv  «ct:ti  t«l 
be  broken  tmce  for  a  short  lime  in  1sh8.  Other  Bnmllcr  Ubi 
s]>ots  are  f<iund  here  nnd  there  in  the  continental  area,  which  wi 
may  de*igmile  ns  Ickeit,  but  they  are  certainly  nol  ]ienttAnral 
lakes  like  ouro,  but  nrc  variable  in  appenrance  and  sixc  nev-^-'-"- 
lo  the  seasons,  to  the  point  of  whully  dt»ap))carinii:  under 

*  This  obarrvation  ol  the  riark  colnr  wliicli  drrti  wnlrr  nWnX.%  trWn 
from  niwi«.  I- '      -''--'-  i   --.l  |j»  ihf  tii  '       ■'    -    'r--     :    ■-    : 
(he  lliiiil  (Mr  Vj'it  ta  " 

htjjti  KulTv-b  '.-   :  .-;■  .^  ..-  1,   .  fv  over  til.    •>■■■■■  .  .i-;.i.     -  -. 
Jn  Ebr  venion  n[  Mnnti  tlica(ljn.-ttreifldic.ltintt  tbecnk>r  »  lo>i 


circtimstnnccs.  Ismennis  Lncus,  Luna  Lflciw.  Trivium  Charontis 
and  Proponti?  ore  ilic  most  conspicuous  and  durable  one*.  There 
are  also  smaller  ones,  such  as  I.acus  Mocris  and  Fons  Juvciitac 
which  lit  their  mnximum  size  do  not  exceed  100  to  150  kilometers 
(60  to  00  miles)  in  iliamcter,  aiiH  are  among  the  moRt  difficult 
objects  upon  the  pinnei. 

All  the  vast  extent  of  the  continents  is  furrowed  upon  every 
side  by  a  network  of  numerous  lines  or  fine  slri|.ics  of  a  more  or 
less  pronoinic«l  dark  color,  whose  aspect  is  very  variable.  These 
traverse  the  planet  for  long  distances  in  regular  lines,  that  do  not 
at  all  resemble  the  winding  courses  of  our  streams.  Some  of  the 
shorter  one*  do  not  reach  500  kilometers  (300  miles),  oihers  on 
the  other  hand  extend  lormany  thousands,  occupying  a  quarter 
or  sometimes  even  a  third  of  a  circumference  of  the  planet.  Some 
of  these  are  very  easy  to  see,  especially  that  one  which  is  near 
the  extreme  left-hand  limit  of  our  map.  and  is  designated  by  the 
name  o(  Nilosyrtis.  Uthcrs  in  turn  arc  extremely  difficult,  and 
resemble  the  finest  thread  of  spider's  web  drawn  across  the  disc. 
They  are  subject  also  to  great  variations  in  their  breadth,  which 
may  reach  200  or  even  300  kilometers  (120  to  180  miles)  for  the 
Xtlosyrti.t,  whilst  some  arc  scarcely  30  kilometers  <18  miles) 
broa<I. 

These  lines  or  stripes  arc  the  famons  canals  of  Mars,  of  which 
so  much  tuis  been  said.  As  far  as  we  have  been  able  to  abser^'e 
them  hitherto,  they  arc  certainly  fixed  configurations  upon  the 
planet.  The  Nilosyrtis  has  been  seen  in  that  place  for  nearly  one 
hundred  years,  and  some  of  the  others  for  at  legist  thirty  years. 
Thcirlcngth  and  arrangement  are  constant, or  vary  only  between 
very  narrow  limits.  Each  of  them  always  Ijegins  and  ends  be- 
tween the  same  regions.  But  their  ai)pcarance  and  their  degitc 
of  visibility  vary  grently,  for  all  of  them,  from  one  opposition  to 
another. and  even  from  one  week  to  anotbcr.and  these  varinlionB 
d«j  not  take  place  simnUnneously  and  according  to  the  same  laws 
for  all.  but  in  nnist  cases  hoppcn  apparently  capriciously,  or  at 
least  according  to  laws  not  sufficiently  simple  (or  us  to  be  able  to 
unravel.  Often  one  or  mttre  iHrcome  indistinct,  or  even  wholly  in* 
visible,  whilst  others  in  their  vicinity  increase  to  the  point  of  be- 
coming conspicuous  even  in  lelescoi>cs  of  moderate  power.  The 
first  of  our  m.-ips  shows  all  those  that  have  been  seen  in  a  long 
series  of  observations.    This  does  not  at  all  correspond  to  the 


furrows  or  depressions  iu  the  surface  of  the  planet,  destined  for 
the  passage  of  tUe  litjuid  luass.  aad  constituting  for  it  a  true  hy- 
drographic  s^-stetu,  is  deuioustrated  by  the  phenomena  which  are 
observed  during  the  nieltiug  of  the  northern  snows.  We  have 
already  reaiarked  that  at  the  time  of  melting  they  appeared  sur- 
rounded by  a  dark  zone,  forming  a  species  of  temporary  sea. 
At  that  time  the  canals  of  the  surrounding  region  become  blacker 
and  wider,  increasing  to  the  point  of  converting,  at  a  certain 
time,  all  of  the  yellow  region  comprised  between  the  edge  of  the 
suow  and  the  parallel  of  CO'  north  latitude,  luto  numeroutt 
islands  of  small  extent.  Such  a  state  of  things  does  not  cease. 
until  the  suow.  reduced  to  its  minimum  area,  ceases  to  melt. 
Then  the  breadth  of  the  canals  diminishes,  the  temjjorary  sea 
disappears,  and  clie  yellow  region  again  returns  to  its  former 
area.  The  diOerent  phases  of  these  vast  phenomena  are  renewed 
at  each  return  of  the  seasons,  and  we  have  !>cen  able  to  observe 
Uiem  in  all  their  particulars  very  easily  during  the  oppositions  of 
1882,  ISS-i  and  18SG,  when  the  planet  presented  its  nortliern 
pole  to  terrestrial  spectators.  The  most  natural  and  tlic  most 
simple  interpretation  is  that  to  whtcli  we  ha%'e  referred,  of  a 
great  inundation  produced  by  the  melting  of  the  snows, — it  i« 
eattrel>' logical,  and  is  sustained  by  evident  analogy  with  terres- 
trial phenomena.  We  conclude  therefore  that  the  canals  are  such 
in  fact,  and  not  only  in  unrae.  The  network  formed  by  these  was 
probably  determined  in  its  origin  in  the  geological  state  of  the 
plauet.  and  has  come  to  be  slowly  elaborated  iu  the  course  of 
centuries.  It  is  not  necessary  to  suppose  them  the  work  of  intel- 
ligent beings,  and  notwithstanding  the  almost  geometrical  ap- 
pearance of  all  of  their  system,  we  are  now  inclined  to  believe 
them  to  be  produced  by  the  evolution  of  the  planet,  just  as  on 
the  Barcii  we  have  the  English  Channel  and  the  Chanel  of  Mo- 
zambitjue. 

It  would  be  a  problem  not  less  curious  than  complicated  and 
difficult,  to  study  the  system  of  tins  immense  stream  of  water, 
upon  which  perhaps  depends  principally  the  organic  life  upon  the 
planet,  if  organic  life  is  found  there.  The  variations  of  iheir  ap- 
pearance demonstrated  that  this  system  is  not  constant.  When 
they  l>ecome  displaced,  or  their  outlines  become  doubtful  and  ill 
defined,  it  is  fair  to  suppose  that  the  water  is  getung  low,  or  is 
even  entirely  ilried  up.  Then  in  place  of  the  canal  tliere  remains 
eiiher  nothing,  or  at  most  n  stripe  of  yellowish  color  differing 
little  from  the  surrounding  background.  Sometimes  they  take  on 
a  nebulous  appearance,  for  which  at  present  it  is  not  possible  to 


assign  n  reason.  At  otbcr  tiincs  true  enlargements  err  proJpoed. 
expanding  to  KM).  20<)  or  more  kilometers  (60  to  12**  mile*)  ia 
breadth,  and  thin  sometimes  tuippens  forcnnnU  vcrr  far  from  tht 
north  pole.  ficcor<linj»  to  laws  which  «nr  unknown.  Th»  has  oc 
carrccl  in  Hvdnspcs  ia  1S64-,  in  Simois  in  1H70,  in  Ackeron  io 
1H84,  and  in  Triton  in  1«KS.  The  diligent  nnd  niioutc  atudy  ox 
the  transformntions  of  each  cannl  mav  krad  later  to  a  knovrl 
of  the  cnnsc  of  these  fncta. 

Bnt  the  mirat  surprising  phenomenon  pertaining  to  the  cnnak 
of  Mars  i»  tiieir  gemination,  which  ftcemx  to  tie  produced  pri: 
pally  in  the  months  which  precede,  ond  in  those  which  fellow 
gnat  northern  inundation,  at  nbout  the  tiroev  of  the  cqtnnoi 
In  consequence  of  a  rnpid  process,  which  certainly  lasts  at  mi 
a  few  dayn,  or  even  jjcrhaps  only  a  few  hour^,  and  of  which  it 
not  yet  been  possible  to  determine  the  particulars  with  crrtaintr. 
a  given  canal  changes  its  npiKnraiice.  and  i«  found  trsiosformerf 
through  nil  its  length,  into  two  lines  or  uniform  stripes,  more  or 
less  parallel  to  one  another,  and  which  rtin  stroight  and  r<]caJ 
writh  the  exact  geometrical  precision  of  the  two  mils  of  n  mfl- 
road.  But  this  exact  course  is  the  only  point  of  r«setnh1nnce  with 
the  rails,  because  in  dimensions  there  is  no  comparison  possible 
at  it  is  cnity  to  imagine.  The  two  lines  follow  vcr>*  nearly  tbe  di- 
rection of  the  original  canal,  aiut  end  in  the  place  where  it  eoc 
One  of  these  i»  often  siipcqjoacd  as  exactly  us  possible  upou 
former  line,  the  other  being  drawn  anew,  but  in  thta  case 
Original  line  loitcs  al)  the  small  irregularities  and  cnrvn?-— -  * 
it  may  have  originally  postesscd.  But  it  alsio  hapjwns  i 
the  Hne«  may  occupy  opposite  sides  of  the  former  cannl.  and 
located  upon  entirely  new  ground.  The  distance  hetween  the 
lines  dilferR  in  different  gcmioalioits,  nnd  varies  from  (»»><»  kilor 
ers  (300  miles)  and  more,  down  to  the  itmatlcst  limit  at 
two  line*  mny  appcnr  separated  in  large  visual  lelesc»7pe»— I 
than  an  interval  of  50  kilumelvm  (30  miles).  The  breadth  uf 
striprrt  Lhemselvctimny  range  from  the  limit  of  vbibility,  whivl 
muy  suppose  to  be  'M  kilometers  (18  mites),  up  to  more  Lbi 
kilometers  (Oo  miles).  The  color  of  the  two  lines  varies^ 
black  to  a  light  red.  which  can  hardly  be  distingnishcfj  fnim 
general  yellow  background  of  the  continetttnl  surface.  The 
between  is  for  the  most  part  yellow,  but  in  many  cases  npj 
whitish.  The  gemination  is  not  necessarily  confined  only  to 
eanal}^.  but  tends  to  be  produced  also  in  the  hikes.  Often 
these  itt  hccn  transformed  into  two  short,  broad,  dark  lines  pai 
Icl  to  one  another,  and  traversed  by  n  yellow  line-     In  these  ernes 
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thegennnfltion  is  nntnrally  aliort,  and  docs  not  exceed  the  limitA 
of  ihc  tirij^nHl  lake*. 

The  gciiiinatiun  is  not  shown  hy  all  at  tlic  same  time,  but  when 
the  settson  is  at  hand,  it  begins  to  l>e  produced  here  and  there,  in 
an  isolated  irregnlar  manner,  or  at  least  withotii  any  easily  rec- 
ognt;sal>lc  order.  In  many  canals,  (such  as  the  Nilosyrtis  for 
example),  the  gemination  is  lacking  cntirel}'.  or  is  scarcely  visible. 
After  having;  lasted  for  some  months,  the  markings  fade  out 
gradually  and  disajUK'ar.  until  another  season  e(|nally  favorable 
for  their  fomtntion.  Thus  it  happens  that  in  certain  other  sea- 
sons. {es])ecinlly  near  the  southern  solstice  of  the  planet),  that 
few  are  seen,  or  even  none  at  all.  In  diBerent  oppositions  the 
gemination  of  the  same  canal  may  present  did'erent  appearances, 
as  to  width,  intensity  and  arrangement  of  the  two  stripes,  also 
in  flome  cases  the  direct jon  of  the  lines  may  vary,  altliotigh  by  the 
smallest  quantity,  but  still  deviating  by  u  small  amount  from  the 
canal  with  which  they  arc  <lirectly  associated.  From  this  impor- 
tant fact  it  is  immediately  understi»od  that  the  gemination  can 
not  he  a  fixed  formaii<in  upon  the  snrfnce  of  Mars,  and  of  a  geo- 
graphical character  like  the  canals.  The  second  of  our  maps  will 
give  an  approximate  idea  of  the  appe.irnncc  which  these  singular 
formntions  present.  It  contains  all  the  geminations  ol)served 
since  1882  up  to  the  present  time.  In  examining  it,  it  is  necessnrj- 
to  liear  in  mind  that  not  all  of  thest.'  apficarances  were  simultane- 
ous, and  consequently  that  the  map  does  not  repivsent  the  condi- 
tion  of  Mars  at  any  ijiven  |>criod,  it  is  only  a  sort  of  topographi- 
cal register  of  the  r.hservntions  made  at  diflerent  limes  o(  this 
phenomenon.* 

The  observation  oi  the  geminations  i;*  cme  nl' the  greatest  diffi- 
culty, and  can  oidy  be  made  by  an  eye  well  practiced  in  such 
work,  added  to  a  telescope  of  accurate  construction,  and  of 
great  power.  This  explains  why  it  is  that  it  was  not  seen  before 
1SS2.  In  the  ten  years  that  have  transpired  since  that  time,  it 
hns  been  seen  and  described  at  eight  or  ten  observatories.  Never- 
theless, some  still  deny  that  these  phenomena  are  real,  and  tax 
with  illusion  (or  even  imposture)  those  who  declare  that  they 
have  observed  it. 

Their  singular  as|wct,  aad  their  being  drawn  with  absolute 
geometrical  precision,  as  if  they  were  the  work  of  rule  or  com- 
pass, has  led  soiue  to  see  in  them  the  work  of  tntcltigent  beings, 
inhabitants  of  the  planet.    I  am  ven,*  careful  not  to  combat  this 


*  Tiu»  mau  iiioy  Ik  found  alau  tn 
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fluppositioD,  which  includes  nothing  impossible.  (To  mi  p- 
bene  (Inl  coinbitUere  questa  siipposizionc,  la  '([urile  nullii 
d'  iinpossibile).  But  it  will  Ix:  iioliccd  tliut  in  any  citsc  tii 
ination  cannot  be  a  work  of  permanent  character.  It  being 
tain  that  in  a  j<!vcn  instance  it  may  clmnfjc  itx  oppearnncc  ai 
dimcnstotts  iVoni  one  treason  to  another.  If  we  should  aavtnMj 
such  a  work,  a  certaiu  variability  wutitd  not  Iw  cxclttdcd  from  t1 
for  example,  extensive  agricultural  labor  and  irrigation  U(X»n 
large  licfile.  I^t  us  add  further  thai  the  intervention  of  inceliw] 
gent  beings  might  explain  the  geometrical  appearance  of 
gemination,  but  it  is  not  at  all  necessary  for  such  ii  purpocc.' 
The  geometry  of  nature  is  manifested  in  many  other  fnctJi,  fromj 
which  are  excluded  the  idea  of  any  artificial  labor  whatci 
The  perfect  spheroids  of  the  heavenly  bodies  and  the  ring 
Sutum  were  not  constructed  in  a  turning  lathe,  and  not  wtth 
compasses  has  Iris  described  within  the  clouds  her  bcautifnl  and 
regular  arch.  And  what  shall  we  say  of  the  infmite  rnricty  nf 
those  exquisite  and  regiilar  polyhedrons  In  which  the  world  of 
crystals  is  so  rich!  In  the  organic  world,  also,  is  not  that 
ctry  most  wonderiul  which  presides  over  the  distribution  of 
foliage  upon  certiiin  plants,  which  oitlers  the  nearly  synimetricalt^j 
starlike  figures  of  the  flowers  of  the  field,  as  well  as  of  the  ani 
mals  of  the  sea,  and  which  produceft  in  the  shell  such  an  exquini 
conical  spiral,  that  excels  tlie  most  beautiful  nmsccr-pieces 
gothic  architecture?  In  all  these  objects  the  geometriciil  form 
the  simple  and  necessary  consequence  of  the  principles  and  l«i 
which  govern  the  physical  and  physio  logical  world.  That  tbesci 
principles  and  these  laws  are  but  an  indication  of  a  higher  inl 
gent  power,  we  may  admit,  but  this  has  nothing  to  do  with  It 
present  argument. 

Having  regard  then  to  the  principle  that  in  the  explanation 
natural  phenomena  it  is  nuiversatly  agreed  to  begin  with  the  «im-1 
plest  suppi>sitians,  the  first  hypotheses  on  the  nature  nnd  csi 
of  the  geminations  hai*e  for  the  most  part  put  hi  operation 
the  laws  of  inorganic  nature.  Thus,  the  gcroinntion  is  sn| 
to  be  due  cither  to  the  effects  of  light  in  the  atmosphere  of  Mart, 
or  to  optical  illusions  produced  by  vapors  in  various  manoers. 
to  glacial  phenomena  of  a  perpetual  winter,  to  which  it  is  knowa^ 
all  the  planets  will  Ijc  condemned,  or  to  double  cracks  in  its  sur- 
face, or  to  single  cracks  of  which  the  images  are  doubled  by  the 
effect  of  smoke  issuing  in  long  lines  and  blown  latcmlly  by  the 
vrind.  The  examination  of  these  ingenious  suppositions  leads  us 
to  coiKladc  that  none  of  them  seem  to  corrc9pond*entirdy  vith 


the  observed  facts,  either  in  whole  or  in  part.  Some  of  these  hy- 
potheses would  not  have  been  proposed,  had  their  authors  been 
nble  to  examine  the  geminations  with  ihcir  own  eyes.  Since 
some  of  these  may  ask  mc  directly, — Can  you  snegest  onything^ 
better?    I  must  reply  candidly,  No. 

It  would  be  far  more  easy  if  we  were  willing  to  introduce  the 
forees  pertaining  to  organic  nature.  Here  the  field  of  plausible 
supposition  is  immense,  being  CHpable  of  malting  an  infinite  num- 
ber of  combinations  capable  of  satisfying  the  appearances  even 
•writh  the  smallest  and  simplest  means.  Changes  ol  vegetation 
over  a  vast  area,  and  the  production  of  animals,  also  very  small, 
but  in  enormous  multitudes,  may  well  be  rendered  visible  at  such 
a  distance.  An  observer  placed  in  the  Moon  would  be  able  to  see 
such  an  appearance  at  the  times  in  which  agricultural  operations 
are  carried  out  upon  one  vast  plain. — the  seed  time  and  the  gath* 
ering  of  the  harvest.  In  such  a  manner  also  would  the  flowers  of 
the  plants  of  the  great  steppes  of  Europe  and  Asia  be  rendered 
visible  at  the  distance  of  Mars.— by  a  variety  of  coloring.  A 
similar  system  of  operations  prodaccd  in  that  planet  may  thus 
certainly  be  rendered  visible  to  us.  But  how  difficult  for  the 
Lunarinns  and  the  Areans  to  be  able  to  imagine  the  true  causes 
of  such  changes  of  appearance,  without  having  first  at  least  some 
superficial  knowledge  of  terrestrial  nature!  So  also  for  us,  who 
know  so  little  of  the  physical  state  of  ^fars,  and  nothing  of  its 
organic  world,  the  great  liberty  of  possible  supposition  renders 
arbitrary  all  explanations  of  this  sort,  and  constitutes  the  grav- 
est obstacle  to  the  ac^^uisition  of  well  founded  notions.  All  that 
we  may  hope  is  that  with  time  the  uncertainty  of  the  problem 
will  gradually  diminish,  demonstrating,  if  not  what  the  gemina- 
tions are.  at  least  what  they  can  not  be.  We  may  also  confide  a 
little  in  what  Galileo  called  "the  courtesy  of  Nature,"  thanks  to 
which,  sometime  from  an  unexpected  source,  a  ray  of  light  will 
illuminate  an  investigation  at  first  believed  inaccessible  to  our 
speculations,  and  of  which  wc  have  a  beautiful  example  in  celes- 
tial chemistry.    Let  us  therefore  hope  and  study. 


A  SIMPLE  METHOD  OP  MOUNTING  AN  EQUATORIAL  AXIS  ON  BAbL 

BBARIHOS, 
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The  usual  method  of  mounting  an  equatorial  axis  on  ball  bear- 
ings is  to  use  a  single,  or  if  the  instrument  is  very  heavy,  a  double 
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row  uf  live  steel  balls  or  rollA  at  each  end  of  the  axis  to 
thv  coiiipQiient  of  pressure  pcrpendicalar  to  it  with  n  third 
at  the  lower  end  to  take  the  end  thrust,  The  componcnttt  of  pm- 
!turc  on  these  two  sets  of  bearings  respectively  mrc  wcoiup  and 
\v^\n(f>;  where  w  is  the  total  weight  of  rotating  parts  tmd  9>  tl 
latitude  of  the  place.  The  total  pressure  acting  to  produce  fr 
tion  is  therefore  Pu'(sin^  4-  cos^*)  which  is  greater  than  tl 
nclunl  weight  to  be  supported  in  the  ratio, 

sin  «i  +  coi  <f 


It  is  a  maximum  for  <p  =  45°  when  sin 9)  +  cos 9)  =  \^ 
P  =  1 .4.1 4w. 

This  method  of  support  is  illogical  in  another  respect,  for  wl 
the  latitude  is  greater  than  30'  this  third  row  of  bolls  hns  to  tup- 
port  more  than  Vi  the  weight  of  the  axis,  and  the  superficial  pres- 
sure is  llicrcfurc  Irom  twice  to  three  times  as  }prent  ntt  on  tbc  balk, 
of  the  lateral  bearings,  in  which  the  pressure  is  distributed  01 
two  or  perh.ips  over  four  rows.  It  is  true,  that  wt-nr  in  the 
thrust  bearing  is  of  less  importjince  than  in  the  lateral  l>carif 
because  the  former  will  not  alter  the  ndjustmenl  of  the  n] 
while  the  latter  may;  but  good  mechanical  design  wouK^ 
nrnking  the  conditions  uf  wear  as  nearly  uniform  as  i>«'- 
all  directions. 

To  secure  this  result  atid  to  avoid  the  lUher  disadvaiitaj^i 
jKjiuted  out.  ol  the  ordinary  method  of  mounting  we  nia^* 
stead  of  the  customary  three  rows  of  balls,  a  single  ro«r, 
ploccd  that  the  plane  of  the  Ixraring   intersects   the   axi- 
eiiuatorial  in  the  center  of  gravity  of  the  latter.   If  this  f 
is  fulftlletl  and  the  hall  races  properly  designed  to  resist  a  rerti 
pressure,  (as  in  Tig.  1,  Plate  1),  the  one  row  will  sup|)urt  the  a3 
in  f*)uilibrium  at  any  angle,  while  allowing  perfect  freedom  of 
tatton.    In  practice  the  outer  race  or  bull  cap  is  supported  oOj 
pair  of  spiral  iiprings  as  shown  in  Plate  II,  whicli  is  n         '    .Irai 
ing  iif  a  ball  bcjiniig,  recently  designed  on  the  above  ;  :         ,'le 
the  support  of  the  equatorial  axis  of  a  30-in.  Foucaalt  Sidcrisij 
The  axi^  is  hollow,  and  as  no  telesco|)e  is  attache<1  to  it,  it  \^  co4 
parativcly  light,  and  the  steel  balls  are  llierefun:  only  *y^  inch 
diameter.    The  outer  collar  a  is  provided  with  two  diametrical 
oppcjsite  trunnions  /i,Ji,  which  rest  in  the  forked  ends  oft 
cal  rodsc.  c.    The  whole  weight  is  carrieil  by  the  two  s|i 
springs  whose  tension  can  be  adjusted  by  means  of  tbc  screw*  ^j 

The  casting  d,d,  which  carries  the  scitws  and  springn  11  boll 
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Another  advnntnge  of  this  method  of 
TnoaTiting  is  thnt  it  may  lie  applied,  at 
small  fXiMmse.  to  old  instruments  whose 
axes  are  already  muunted  in  plain  bear- 
ings. If  the  support  for  tlie  axis  is  of  the 
usual  solid  form,  it  will  be  necessary  to  cut 
away  a  small  portion  of  it  just  below  tlie 
center  of  gravity  of  the  system  {as  in  Fig, 
2);  but  no  returning  of  the  axis  itself  is 
necessary. 

For  portable  histraments,  the  fonn  of 
support  shown  in  Fig.  3  may  (k*  adopted 
which  allows  the  instniment  to  be  read- 
ily adjusted  for  any  latitude.  As  the  pres- 
sure on  the  end  boxes  is  vcrj*  slight  the 
dotted  sectors  to  which  they  arc  bolted 
need  only  be  heavy  enough  to  steadv  the 
axis  and  prevent  vibraiion,  all  the  weight 
as  before  Ijcing  carried  by  the  central  row 
of  balls  which  is  placed  directly  abo\-e  the 
centra!  pillar. 


.\  second  method  ol  ^upl.^lM't  which  has 
more  recently  suggested  itself  is  shown  in 
Fig.  4. 

Here  the  n.tis  doe»  not  rest  imniediately 
upon  balls,  but  hds  turned  upon  it  a  con- 
ical wheel  A.  whose  face  makes  with  the 
axis  an  angle,  */'.  equal  to  the  latitude  of 
the  place.  This  wheel  is  in  such  a  position 
on  the  axis  that  when  the  latter  is  prop- 
erly mounted,  the  i>erpendicular  through 
the  center  of  gravity  of  the  system,  jiasses 
through  the  center  of  the  lower  face.  ' 

It  rolls  upon  a  second  smaller  conical  wheel,  B,  whose  axis  i» 
mounted  on  balls,  and  supported  on  spiral  springs  as  l>efore.  The 
ball  races  are  designed  to  take  the  slight  end  thrust, due  to  the  re- 
solved component  of  the  weight,  along  the  axis  of  B,  which 
component  will  beetpial  to 

w  -  sm  ^  =  P 


Hence  if  9?  =  45'^  and  b  =:  Via,  P  =  %w.    The  end  thrust  is  there- 


jgh  34.."  the  18-inch  Bnisliear  telescope  showed  thai  ihc  l»ta 
3d  satcllilcs  were  very  near  tdjfcthcr,  and  that  both  of  thrm  p 
scntcd    clonj^alcd   di*cs.  Ihc  Dlonfiatiotis  Uciofz  ticnrly    at  ri 
angles  to  one  another.    The   2d  and  *th  natcUites   were  a 
slightly  elonj^alcfl,  hut  in  different  directions.    Tlic  12-inch  CIh 
telescope  w;iH  then  turned  niKin  llie  ])lanct,  and  the  olMscrvnii 
repeated  without  difficidty.    I  next  went  to  the  Cinch  Clark,  a 
was  surprised  lo  find  that  with  a  power  of  400,  not  only 
elongations  o(  the  1st  and  Ud  were  eiisily  seen,  Imt  even  that 
the  4th  could  be  detected.    1  capcciRlly   noted  that   the  cl 
gallons  had  jireciscly  tlic  same  jjosition  angles  relatively  lo 
other  as  in  the  larger  in»trunicnts.    The  seeing  was  very  gcKxl 
the  time,— S  on  a  scale  of  10. 

Since  the  elongations  occurred  in  difTercnt  directions  for  the 
ferent  satellites,  the  appearance  clearly  coidd  not  he  due   to 
mospheric  conditions,  or  to  the  eye.    Since  identically  the  mi 
appearance  was  seen  in  three  different  tclescopcfi,  it  eouhl  nnl 
instrumental;  and   hnally.  since    the  elongation   has  bctrn 
at  different  times  by  at  least  half  a  dozen  difi'crcnt  pervoos. 
cannot  l>e  a  jiersonal  idiosyncrasy. 

Besides  I'unnshing  another  proof  of  the  genuincnew  of  the  phe- 
nomenon, 1  think  this  ohscrvntion  has  two  other  important 
Iwarings.  First,  as  showing  the  relative  importance  tif  nt 
sphere  versus  aperture,  for  delicate  visual  oliscrvntiuns  of 
sort.  In  this  same  category  would  lie  included  also  xtnitic 
planetary  surface  detail,  as  distinguished  from  the  exaii  i 
of  very  faint  objects.  In  other  words,  if  an  observer  ^n 
study  very  faint  stars  he  must  hove  a  large  lelest-opc.  if  he 
wishes  10  study  the  neighboring  pbineis  and  brighter  satellile* 
may  use  a  small  telescope,  hut  he  must  linvc  a  very  good  ulm 
sphere. 

Secondly,  it  is  hoped  th;it  this  observation  may  enciiuritge 
Mssors  of  small  telescopes  to  try  ihetn  on  the  satellites,  and 
possible  that  they  mnysuccecfl  in  verifying  what  larger  trlewo 
less  iavorabty  hwaied  Iia^'c  heretofore  failed  to  delect.     T' 
of  the  adet|uacyof  the  instrument  an<l  atmosphere  is  n  Kin 
it  in  merely,  will  the  disc  of  the  xatclHte  satisfactorily  bear  a  ren; 
nilicntion  of  4-Ort  diameters?    If  so,  then  under  the  most  fovo 
ble  conditions  the  ellipticity  of  the  discs  of  the  threr  li.r::rr 
should  l>e  capnble  of  detection. 

In  order  to  aid  those  who  mny  feel  inclined  to  ]iiir».uc  tbi*  i 
tigation,  1  have  prepared  cphemeridt-K  for  the  1st  and  3d 
lites.    They  will  Ik  found  at  the  end  of  this  article.    Until  o 
have  suecccdcd  in   perceiving  the  varying  elongacioiMi  of 


bodies,  it  is  evidently  useless  to  predict  the  shapes  for  the  2d  and 
4th,  which  are  much  mure  dilhcult  objects  tu  studi,'. 

Returning  now  to  this  year's  work.  ui)cin  September  21,  an  0)>- 
portnnity  was  oflere<J  to  repeat  my  former  observation  upon  the 
occultation  of  ilie  3U  satellite  behind  the  ilark  limb  of  Jupiter.  A 
very  satisfactory  series  of  micrometer  meusurements  were  ol>- 
tained  for  the  determination  of  the  extent  an<l  density  of  Jupiter's 
atmosphere.  The  flattening  of  the  satelHte  due  to  refraction,  as 
it  approached  the  dark  hmb  of  the  planet  was  very  evident,  and 
was  carefully  measured  upon  the  scale  of  ellipticities.  As  the  sat- 
elhte  set  behinrl  the  planet,  the  dark  space  separating  the  termin- 
ation from  the  dark  limb  of  Jupiter  was  very  marked,  and  meas- 
ured about  0".3  as  determined  by  comparison  witli  the  threads  of 
the  micrometer.  The  cusps  of  the  netting  satellite  seemed  well 
defineil  and  jMiinted,  but  the  seeing  was  unfortunately  too  poor 
at  the  time  to  permit  me  to  see  the  illuminntion  of  the  atmo- 
sphere of  Jupiter  by  the  satellite  after  it  had  set  as  was  done  in 

1892.  (ASTHONOMY  ANtJ  AsTKO-pHVSlCS.  1893,  p.  395.) 

Surface  detail  has  been  clearly  seen  upon  the  1st,  3d,  and 
4th  satelUtes.  Upon  the  two  latter  its  nature  Reeras  to  be  the 
same  as  previously  designated.  Upon  the  former,  in  addition  to 
the  dark  line  seen  in  1892,  the  bright  equatorial  region  so- 
called,  has  be«n  clearly  recognized  upon  several  occasions, 
even  when  the  satellite  was  not  in  transit.  In  fact  in  one  or 
two  instances  it  was  so  conspicuous  and  easily  visible,  that 
it  appeared  at  first  ditHcult  to  understand  why  it  had  not  ^Ken 
detected  earlier.  Further  investigation,  however,  showed  that 
its  form  is  not  that  of  a  lielt,  as  hitherto  supposed,  hut  rather 
that  of  an  elongated  bright  mass,  or  possibly  two  masses,  ar- 
ranged in  a  plane  nearly  parallel  to  the  orbit.  In  certain  posi- 
tions of  the  satellite  these  markings  arc,  thercfoi-e.  very  con- 
spicuous, while  in  others  they  are  invisible.  Under  the  latter 
conditions  the  dark  line  shown  in  my  drawings  of  1S92  is  to 
be  seen.  This  explains  then  why  I  missed  the  bright  regions 
in  ray  earlier  studies  of  this  body,  as  it  was  examined  for  detail 
upon  only  a  few  occasions,  and  upon  those  occasions  I  apparently 
sketched  the  satellite's  (ither  side!  It  is  thought  possible  that  an 
independent  determination  of  the  period  and  direction  of  rotation 
of  this  sateUite  may  be  obtainetl  by  means  of  these  nmrkings,  and 
I  hope  shortly  to  undertake  this  investigation. 

In  the  paper  above  referred  to  (Astro.nomv  and  .\stho-1-'hvsic8, 

1893,  p.  392)  describing  my  observations  in  1B92,  two  periods 
were  giveji  for  the  1st  satellite,  differing  from  one  anotlier  by  fif- 
teen seconds,  one  based  on  the  supposition  thnt  the  direction  of 
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rotation  of  the  satellite  upon  its  axis  was  direct,  aod  tbe  ot 
considering  the  direction  ot  rotation  to  be  rel»'  '        It 

stated  at  tliat  time  that  observations  made  at  i  c 

lion  would  decide  between  these  two  periods,  as  the  difference 
the  time  wlieti  Ute  circular  pfaa»e  was  prcscutcd  liy  the  sail 
would  then  have  amounted  to  over  three  houis.  At  tbat 
sition,  however,  1  was  uot  so  situated  that  I  could  make  tbc 
scrvnttons  myself,  ami  uiifijrtuaaiely  no  one  else  succcded  in  ma] 
ing  them.  Now  it  hnppeas  that  Ht  the  end  of  two  years  13^ 
retrograde  revolutions  verj*  nearly  equal  1320.5  direct  revolu- 
tions, and  by  a  curious  coincidence,  the  position  of  :'  '"  ith  is 
such  at  the  present  lime,  that  tlic  correction  which  th  >t  in- 

troduces into  the  computation  almost  exactly  makes  up  tbcdis 
crepancy  Ijetwecn  ihc  two  results,  so  that  the  round  pluuic  o' 
the  satellite,  uiwm  the  theory  of  direct  rotation,  would  ooco^ 
upon  Sqitemlwr  30  ac  17''38*'  m.  m.  t.»  and  upon  the  theory 
retrojfadenjtation  upon  Scptcmlwr  30,  at  17''  +!■)"'  m.  m.  T.  It 
tlicrd'orc  r|uitc  tmpogsible  at  present  to  dtstinguiBh  between  tl 
two  periods,  by  this  method.  It  will  be  noted  that  this  is  tl 
first  occasion  since  1K!)2  when  such  an  unfortunate  coinc 
could  have  occurred. 

We  will  now  see  how  tliis  year's  observations  of  the  circular 
phase  of  the  satellite  licnrs  out  these  predictionK.  In  the  follow 
ing  table,  both  the  direct  and  retrograde  theories  are  presenK 
The  fij^urcn  in  the  first  cohimn  give  the  observntiona  of  the 
circular  phase  in  105th  meridian  time;  those  in  the  second  the 
theoretical  times  as  ticduccd  from  these  observations,  assuming 
that  the  rotation  of  the  satellite  is  direct;  those  in  the  third  the 
ditfcrcncc  between  the  two;  while  those  in  the  fourth  nod  lifih 
columns  give  the  theoretical  times  and  diflerences  asjtumin^ 
retrograde  rotation : 
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The  theory  of  retroRrnde  rotation  Iwst  satisfied  the  observa* 
tions  of  1892.  The  ol>ser\'ations  of  1894  indicate  a  slight  ad- 
vantage in  its  favor.  This  advantage  would  be  much  more 
marked,  were  it  not  for  the  first  obHcrvation,  which  was  made  by 
dnylight.  The  present  investigation  shows  that  the  ciirulnr 
phase  really  occurred  that  morning  alter  the  observations  had 
ceased.  In  a  rigoroasdiscussion.it  would  therefore  probably  be 
In-st  that  this  observation  should  \x  discarded,  as  incomplete. 
This  would  redncc  the  average  tleviations  of  an  observation  on 
the  bypfJthesis  of  retrograde  rotation  to  5".  and  would  make  the 
most  probable  time  of  the  last  observation,  September  30^  17* 
07-. 

We  have  already  seen  that  the  theoretical  time  of  the  circular 
phase,  based  upon  the  oljservations  made  in  1S92,  was  Sc|>tcni- 
biT  30''  17''  •W)"'.  It  should  he  stated,  moreover,  tliat  1  purposi-ly 
delayed  making  tins  tatter  computation  until  all  the  observations 
save  the  last  one  had  been  secured,  in  order  that  my  mind  should 
he  entirely  unbiiised  In  the  matter.  On  completing  the  computa- 
tions, it  was  satisfactory  to  note  that  the  accuracy  of  the  obser* 
vattons  made  in  1S92  was  sufficient  to  enable  me  to  comi>ute  the 
time  of  the  circular  phase  for  two  years  in  advance  with  an  eiTor 
of  only  33". 

The  recent  observations  show  that  a  correction  of  1*. 5  should 
be  applied  to  the  period  formerly  published.  This  period  was  13'' 
03*"  10V8  upon  the  hypothesis  of  retrograde  rotation.  The  cor- 
rected period  therefore  now  becomes  13''  03"'  09',3,  and  is  prol>- 
nbly  correct  within  0*.2. 

The  change  in  shape  of  the  satellite  at  the  time  that  the  circular 
phase  is  assumed  is  quite  marked,  and  much  more  rapid  tlmo  at 
any  other  [>criod.  Thenanie"  circular  phase." although  apparently 
quite  applicable  in  1892,  does  not  appear  to  be  so  at  tlie  present 
time,  since  the  observations  show  that  the  elliijse,  although  it  be- 
comes much  shortened,  never  quite  reaches  the  circular  shape. 
Whether  it  will  do  so  later  remains  to  be  seen.  The  following- 
series  of  figures  illustrate  the  nature  of  a  night's  observations, 
and  indicate  the  length  of  the  major  axis  uf  the  elliptical  disc  in 
terms  of  the  minor  one: 
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Theory  indicates  that  the  circular  phase  occured  u)Kiti  Scpici^H 
her  2,S.  at  15"  2B"',  and  upon  Septemher  24,  at  17"  32".  ^ 

In   the  ccmputation  of  an  cpheir.cris  for  the  Isc  satellite  vrc_ 
must  make  use  of  the  following  data:— 

Period.  13''  03"'  09.3* 
Rotation,  retrograde. 
Epoch.  ISy-i.  Sept.  aOfi  23*'  SO". 

The  period  indicates  the  mean  solarinterval  which  elnpsea  frot 
one  circular  phase  to  the   next  but   one,   as  seen   from  the  Sui 
Tlic  foilowiuK  approximation  is  a  vcrv  convenient  one,  57  i>cri* 
equal  31  da>s.    This  involves  an  error  in  the  period  of  onlr  0*.11 
which  may  be  neglected  for  ortlinary  pur(K>»c*.     \Vc  will  contint 
to  flssume  tlie  rotation  rctroj^atlc,  as  that  assumption  contini 
to  accord  best  with  the  obser^-ations.    The  ci>och  reprcawnts  the 
Greenwich  Mean   Time  at    which   the  satellite  would   ho^-e  np^ 
pcared  circular  as  seen  from  the  center  of  the  Sun,  bud  tlic  veloc- 
ity of  light  l>cen  infmite.    To  compute  an  ephenieri*.  we  mast  ■!- 
low  for  the  time  rc<)uired  by  lit;hl  to  pass  Ixrlween  the  satellitr 
and  die  E.nrth,  and  we  must  also  make  a  correction  for  the  angl 
between  the  Sun  and  the  Earth  as  seen  from  the  satellite, 
first  corrcclton  is  always  positive,  the  second  is  negnttve  t>efQ 
opposition,  and  positive  afterwards. 

Since  the  rotation  is  retrograde,  the  sidereal  period  of  the  satel- 
lite is  longer  than  the  solar  one.    Its  length  is  13*'  03"  15*.2.    The 
cphemcris  is  more  quickly  computed  from  its  solar  period. 
tlie  angular  distance  of  the  Sun  and  Earth  as  seen  from  Ja|Mlrr  i^ 
given  for  every  other  day  by  Marth.  but  the  sidereal  i'         '  nuj 
beeniployed  if  weci)mpute  the  longitude  of  Jupiter  n-  iron 

the  Earth.    It  is  of  interest  to  note  that  this  satellite  is  oncofibc 


rUiir 


William  H.  Pickering.  735 


few  bodies  in  our  system  whose  period  is  now  known  with  con- 
siderable accuracy.    It  ranks  in  order  next  after  Mars, 

The  following  ephemcris  gives  the  Greenwich  Mean  Times  at 
which  the  satellite  will  present  the  nearest  approach  to  a  circular 
phase  as  seen  from  the  Earth.  The  position  angle  in  general 
varies  from  0°  to  -f  12°  with  regard  to  Jupiter's  equator,  but  oc- 
casionally exceeds  these  limits,  especially  when  the  disc  is  near  its 
minimum  elongation.  This  position  angle  is  readily  measured, 
but  is  subject  to  rapid  fluctuaiions,  whose  nature  I  am  investi- 
gating at  the  present  time,  and  hope  before  long  to  be  able  to 
predict. 
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The  periodical  changes  of  the  3tl  satellite  are  not  as  yet  suffi- 
ciently well  understood  to  enable  me  to  give  its  ephemeries  with 
the  same  certainty  as  that  of  the  1st.  It  is  likely  however  to  be 
elongated  upon  or  about  the  following  dates ;— November  1,  5,  8, 
9,  13,  16,  17,  21,  24,  25,  and  29.  Upon  November  5,  13,  21,  and 
29,itsposition  angle  will  differinaterially  from  the  position  it  will 
have  upon  the  other  dates,  possiljly  at  times  by  as  much  as  GC^. 

On  account  of  the  comparatively  slow  motion  of  this  satellite, 
it  will  be  some  weeks  before  I  can  connect  our  present  series  of 
observations  with  those  made  in  1892.     When  that  is  done,  how- 
H  ever,  its  motions  will  be  pretty  well  understood,  and  it  will  then 

be  possible  to  furnish  an  accurate  ephemeris  for  many  months  in 
H  advance. 

I  Lowell  Observatory,  October  6,  189-t. 

. ■*  Flagstaff,  .Arizonii. 


THE  GRiiAT   RED  SPOT  AND  OTHER   MARKINGS  ON  JUPITEK 

i:    I,    i;\KN\i;ii 

Tm-:  <",i;[;at  I\i:n  Si'ot. 

I  ill- -iirt.Kc  1  il  Inp^U'i'is  wry  siroiiL''^'  ni:irkcil  tliis  <i]>p' i-ui^  ■■] 
by  :\\  r,  1  jfnml  T'crl,li-Ii  hfll-^,  "Ui.-  on  cich  Mik'  i  •!  tin.-  i-(jii.-i  !.i  u",  .'!;■■: 
;i  lirii.'iil  \\  hit  f  i'L  k  iittWLL'ii  llK'rii  a  I  IJif  c(|u;iln!-. 

1  lie   tpiL'.it    Kill    SjKit.    I-    l.nr'l\    liwliiict    in    uiuliiic,    llmuLrii    i;Vt 

]■'(  k'^,'1   ((,■(,  IiIl'  ri'i!. 

'I'lu.   ,L;r<.Ml    li.'iv   ill    l\w  smuh    f( jua tiiri;il   hell  north   of  liic  Ktii 

S|ji't  ]-  vtjl]  |ii.T--i>-U']U  iiiiil  \vi.']l  marked. 

i'lilit  i\\  iiiL;  .nc  1  ii,~er\M  Ui  >a-   i>l    iIk' cciitfal   transit   of  the  Ore;U 

Ktil    SjjDt  ami   lIk'  (U'iliii.-i.il  lonL!ilndi.'S  (referred   to   Marth's  Sv-^- 

Uni  II): 

■  111']  " 

1  ~'  I  I    Sv  ;  I     'j::      ]  ,'■      hi  "i    M  .ik'.l'  i]    I'.ii  j  ii    TiiiK'       I,i>riL:it  [iilf    Mi'n  i.t 

~vi.; .  ::■!    i.i'.     yj  -  .'jmi  7 

"'■•-.      7     17    J"  II  ;i';i.:i 

'  M.      II       I  '  '  "  .S."lt.4 


From  these  observatioiui,  it  is  npparent  tliat  the  spot  is  very 
closely  followinj^  the  motion  assipnetl  to  it  by  Mr.  Martli. 

The  following  end  of  the  spot  is  quite  dark.  There  ore  white 
regions  on  its  surface.  The  belt  south  otit  seems  to  be  in  contact 
with  the  s|K>t,  if  it  does  not  actually  overtup  it  sligUtly. 

SuALL  Black  and  Whitk  Si-ots  i.\  the  Noktiii:k.n  HiiMi- 

SI'HKKE. 

In  the  northern  c(|Uatorial  red  belt  Is  a  number  of  very  small 
black  red  spots.  They  are  very  slightly  elongated  in  an  equa- 
torial direction.  There  are  also  in  this  belt  eonie  small  well  de- 
fined white  spots— similar  in  size  «nd  form  to  the  dark  ones. 
Indeed  in  certain  regions  of  the  belt,  these  black  and  white  spots 
alternate  with  decided  regularity. 

Immediately  opposite  the  Great  Red  Spot  and  near  each  other 
lie  a  couple  of  these  objects— a  black  and  a  white  spot.  These 
arc  strikingly  well  defined  and  easy  of  observation. 

i  have  selected  these  fur  «  series  of  measures  to  determine  their 
relative  motion. 

The  measures  sliowlhat  the  white  spot  (which  follows)  i*  slowly 
gaining  oil  the  dark  one;  the  distance  is  diminishing  about  0".05 
daily.  This  will  bring  them  together  near  the  middle  of  January, 
1895. 

The  conjunction  of  these  spots  would  be  a  very  interesting  and 
important  phenomenon,  if  they  were  exactly  in  the  same  parallel, 
since  an  occuUalion  of  one  or  the  other  must  then  o*;curand  the 
result  would  show  us  which  is  uppermost  in  the  Jovian  atmos- 
phere. Unfortunately,  however,  there  will  be  no  occultation  as 
the  south  edge  of  the  white  spot  is  exactly  on  the  same  parallel 
with  the  north  edge  of  thc<lark  one.  They  will  perhaps  graze  in 
passing;  it  will  therefore  be  interesting  to  watch  the  conjunction 
if  they  remain  sndiciciitly  ]icrmaiient. 

Following  are  the  measures  of  the  distance  between  their  cen- 
ters when  one  or  the  other  was  in  transit. 


taOi  Setit.  33 
Sept.  30 
Oet.     7 


17      S 


Standnrd  Pndfic  Time. 
Scantlonl  Pacific  Time. 
Stnndnrrl  pAcific  Time. 


Di&tanee  =:  fi.8J 
fl.78 
6.32 


Redoced  to  distance  5.20  these  l^ecorae 


Sept.  23 
Sept.  30 
Oct.      7 


The  small  btnck  spot  seems  to  hare  apprusimntcly  the  «anir 
rntncioD  {Kriud  as  that  of  the  Great  Red  Spot. 

Thansjt  of  the  Small  White  Spot. 

I]       h      m 
S»pl.23    IS    55  Sinndarii  PaciBc  Time.    Ltmgituilc  ^  .lOG.U 

Transit  of  the  Suall  Black  Spot. 

•I       li      m 
Oct.      7    17    0.0  Sliindnnl  Pacific  Time.    Lopfticuilc  :!I'J-J 

Estimated  transits  of  tliis  object  on 

ticpt.  23  gavr  Icmfptmlr  tU'.I.S 
Sept.  30  gnvc  lunKitiidr  :ir>t.U 

This  and  the  other  blnek  spots,  arc  very  similur  in  appcarat 
and  location  to  the  small  black  spots  ni  1800  and  1891.    Sec  mj 
pajKTs  on  these  objects  in  Monthly  Soticat  K.  A.  S.,  vol.  LI  end^ 
vol.  LII.  The  previous  spots,  however,  decreased  ihcir  lonj^tade* 
about  II  i|Miirter  of  a  degree  daily. 

The  castomary  white  spots  in  the  southern  hemisphere  nrc 
abundant  as  ever. 

These  obsen-ntions  have  been  mjide  while  ex:iiiiiniiii^  the  planet' 
with  the  3ti-in.  to  get  early  observations  "I  the  filt)!  witcllilr- 

On  Sept.  lO**  17"  1"'.6  with  the  12.tnch,  another  of  the  *t 
black  spots  was  in  tran«il,  and  its  loiipiturtc  was  IOR^.8. 

The  great  white  equatorial  belt  has  I>ecn  Kingulnrly  free 
markings  of  any  kind.    There  are  now,  however,  a  (eve  dtui) 
markings  appearing  in  it. 

Mt,  Hamii,ton,  Oct.  IH.  1894. 


THE  POLAR  CAP  OP  MARS.* 


A.  B.  DOircLASS- 

The  recent  disappenrnnce  of  the  Martian  snow  cap 
more  interesting  its  position  and  si;!e  tis  ob&erveil  during 
vreck  preceding  this  occurrence.    On  October  4  the  following  %k 
(the  side  toward  the  Sun)  of  the  cnp  was  noticed  to  I>c  mndil 
brighter  than  other  portions,  presenting  an  ap^Karancc  similarj 
to  that  of  June  last  but  on  a  much  smaller  scale.    On  October 
at  nearly  li)*",  g.  u.  t.,  a  very  narrow  dark  line  was  observed^ 
dividing  the  cap  into  two  slightly  nnequni  parts,  the  followiag 
part  being  the  larger  and  showing  n  %*ery  bright  nortlwfollowing 

'  Commnnicatcd  bv  tttcnutlwir. 


edge.  Tliree  hours  Incer  a  (leteniiination  of  its  size  nnd  jjosition 
was  made.  Ociolwr  7,  at  about  Ift",  g.  m.  t.,  tlie  ril't  or  dividing 
Hne  in  Checap  was  noticed  to  have  a  direction  s.-f.  and  n.-f.  and 
it  was  estimated  thnt  nt  19"  4-2'"  it  would  have  a  direction  per- 
IHTiidiciilnr  to  the  nearest  part  of  the  hmli. 

B  On  October  8  the  position  and  size  of  the  tmow  cap  was  again 
taken,  hut  the  rift  wns  not  observed  though  it  was  in  a  favorable 
position.  At  this  observation  the  cap  appeared  about  three 
times  as  large  in  area  as  on  the  5th  and  12th  of  the  month.  A 
lower  power  evepiece  (fi30  diameters  instead  of  S+0)  wns  usetl  in 
this  case  alone,  which  might  explain  some  of  the  increase  in  size 

■  by  irradiation ;  hut  the  whole  change  cannot  be  thus  disposed  of. 
On  August  19  o  comparison  had  l>ceii  made  l»etween  powers  *>30 
and  +20  Itetween  witich  the  ditTcrencc  in  irradiation   should  be 

I  more  noticeahle,  but  uo  disagreement  in  the  nize  of  the  snow  cap 
was  found.  The  snow  cap  seems  actually  to  have  hcen  of  larger 
size  on  October  S. 
No  further  observations  were  made  upon  this  object  until  Octo- 
ber 12  at  20"  2fi'",  ('..  M.  T.  when  its  size  and  position  were  <il>- 
tained  but  no  rift  was  seen.  The  seeing,  3  or  -t  on  a  scale  of  10, 
was  not  sufficiently  good  to  show  it  had  there  been  one.  On 
October  13  no  |Hilnrcap  wns  visible  nor  has  any  sign  of  one  been 
seen  since  up  to  the  prrscnL  time  ((K'CnIicr  17)  Since  this  disui»- 
pearnncc  no  |>«rt  of  the  region. occupied  liv  the  snow  cap  has  ap- 
|>enred  ns  bright  as  regions  close  to  the  northern  limb.  The 
region  seems  ditfcrent  in  no  resptet  from  the  preceding  nnd 
following  limbs  of  tlic  planet. 
The  results  of  the  observations  are  here  pn-scnled: 


Piidtbin  or  Roaw  Cnp. 

d         b 

Central  Ott.  IM    20.4  li.  u.  T. 
Toriiefl  r.ll'*  lownrtl  p.     **       H    a). I 
■■       S3^        3    2I.U 


Couipulcd  nittaitce  Itoni  Folr 


4".  3  Wt.  2 


McAfi  dUtnncnfrom  floatlipotc         4'.? 
LuiiKituilc  59". 

Size  of  snow  cop; 

Oct.l2.a  B.and\V.    i>".TU=  140  miles  iit  toiij^tmlc. 

N.and  S.      l)"..'tfi  =  ITS  miles  in  Intttuilt. 
(V-  =  HR.H4  miles)  area  I'J.ono  s(|Unr«  inilcs. 
8.9  E.0IW1W.    0".99  =  IBa  miles. 


N.  -tml  S.     l)".7a  =  3K0  inilce. 


PI  Oct. 

^^  Area  64,500  sc|unTc  mika. 

^^K  By  ciimputatioii,  widtli  in  Inn^nliiHc  1 40  mites, 

^^P  H)- compulntion,  width  in  iHtitude  1:^>^  milra. 

^^      Oct.     5.9  K.  ami  W.    n"-81  =  157  mrlrti  in  latitude. 

I  N.  ond  S.     0"..10  =  220  miles  in  lonfintndc. 

\na  27.000  attuaiv  mtlrs. 
From  nearness  to  the  limb  E.  and  W.  measures  should 
about  three  times  the  weight  of  H.  and  S.  measures. 
Rift  in  snow  cap. 


have 


LK\.    5.8  rifV  pointed  at  (c<iiiiu<>niil|  Iohk.  utH 
Oct.    7.H  Hit  )Mittitc<)  at  ki|iiflt'trinll  lon^,    02.4 

Mran  ilipcctiun  uf  rift  lownrtl  lungitinSc    l>7.t>  nt  tbr  tuvMttni 

Since  Flam mnf ion  gives  no  insinncc-«jf  the  comjilci  -    '•     ■ 
nncu  o(  the  snow  nt  cither  pok-  wv  may  cunsidcr  the 
in  Ijc  ihc  tirst  recorded.    The  snntllcst  mininmm   )j;uf!:   u; 
PInnOtc  Mars"  wns  oliscrved  hy  St'liinjinri'Ili  in  lS7it  nt  the  soul 
pole.    The  inensitrcfl  ttinnicicr  of  the  cnp  was  3'  .fi  or  14<> 
or  Hi  times  n»  large  as  on  October  12.    Moreover  S^hiajuil 
minimum  occtrrrcd  75  ilays  after  sanimcr  solstice,  but  he  was 
dined   CO  attribute   nearly   half  of  this  size   to  irriidmUQU  xii 
ihouBht  2"  or  T-t  mites  an  c(|ui)Uy  jirobablc  tigure. 

Schiaparelli's  minimum   occurred  75    dnys    after  the  anmi 
solstice  and  for  olmut  55  days  lon^jer  the  cup  did  not  rench  H 
in  diamcler.    In  the  present  opposition  October  12  xvtta  but 
<Java  after  the  summer  solstice  and  130  day*  after   the  ftolst 
will  briu};  us  to  January  8,  1895.    Therefore,  while  it  is  im^ 
bic  to  s«y  whether  or  nut  %vc  shall  have  (Kcasional  rc:ipi>cnr2 
of  the  polar  cap,  it  seems  unlikely  that  it  will  attain  nnr  gtmi 
size  for  some  months  to  come. 

Lowell  Observatorv,  Flagstaff.  A.  T.,  Oct.  17. 1804. 


MARS. 


fBRCIVALLOWeU- 

On  Sept.  24th  an  intercstingobBcrvatlon  was  made  here  by  N 
Douglass  of  what  ajjpcars  to  have  Iwcn  the  fominlion  nnd  sidi 
(|ucut  dis5.i();ition  within  twenty-four  litmrs  nf  a  eJonil  OTer  il^ 
western  half  nf  Klysiuni.  that  part  of  it  wliiL-h  Iir«  bet  wrrn  ''nln\. 
ins  and   Ilyhhcus.    Three  acct»mii:inying  dr;  ■ 
what  occurred.    On  Scj»r!  22d  and  23<t  the  ;: 
oral>out  the  same  brinmncy  as  the  eastern  halt  ot  li- 
on Sept.  '2\ih  he  observed  the  western  hulf  much  Iji:.. 

the  eastern,  nlmnst  as  brilliant  as  the  polar  cap;  on  Sejit. 
the  western  half  had  faded  nj>;iiin  nnd  bec<mie  darker  thai 
other.     Their  appearmicc«  suggest  clouds,  forroin;»^  pre«ui 
overhigh  ground, since  neither  Gnlaxio*  nor  Ilybljirnv 
way  obscured.    On  the  contrary  lie  found  the  cauuU 
darker. 

Solis  LacuK  has  shown  n  longitudinal  divtaiion.    The  iTtri 
detected  by  Mr.  Douglass  be;.^"'*  '"  the  Nectar,  a  lij. ' 

ning  along  the  middle  of  it,  which  is  conitnuetl,  iti:.- n 

through  the  Lake  of  the  Sun.  The  best  seeing  is  nccc»«arj'  to 
this.  L'nder  poorer  seeing  Satis  Locus  has  appeared  to  biui  tnpk 
horizontally.  aJi  effect  caused  chietly  by  the  dark  patohcs  that 
show  in  his  drawing. 

Mr.  Douglass  finds  a  small  rift  in  the  minute  snow-cap  which 
further  interesting  ns  licing  iK>9sibly  about  the  hwi  one  '■ 
before  the  weather  turns  cold  and   the  cap  begins   to    < 
ugu  iu. 

LowBLL  Obsebvatory,  Oct.  12f  1894. 


TntVIUM  ClIARONTDt  RRGHIK. 

ItW.  Scpl.  P.  Jin  ^n.  C.  M.  T.     PttWVreJU 
SmImk  '•    Scalt  «»IM  ■«  tMu  ahnv*.  <■«.  =  I" 


Oct.  S,  llliWik.&M.T.    PwnrUU. 
SmIax  7.   5m:sI*  lOniai.  =  I". 


ON  A  NBW  METHOD  FOR  MAPPING  THE  SPECTRA  OP  METALS. 


HKKRV  CRBW  and  ROBBRT  TATNALL. 


The  difference  in  physical  character  Ijctwecn  the  various  lines  in 
the  spectrum  of  an  element  has  recently  assumed  5uch  importance 
that  a  table  of  wave-lengths  ia  now  to  some  extent  incomplete 
unless  accompanied  by  a  photographic  map.  This  is  especially 
true  for  one  who  is  seeking  new  relations  among  the  wave- 
lengths. 

Thus, in  thecaseof  Cadniiuni.the  triplets  overlap:  but,  "owing 
to  the  physical  similarity  of  the  lines  formiag  any  one  triplet  it  ift 
a  matter  of  perfect  ease  to  select  them."" 

Indeed,  in  many  cases  where  series  have  been  discovered  one 
might  decide  to  what  series  a  given  line  belongs  quite  as  well  by 
its  appearance  as  by  its  wave-terigth.  Rydberg  has  happily  sug- 
gested for  these  series  names  which  describe  the  appearance  of 
their  respective  lines. 

So  far  as  we  are  aware,  all  photographs  of  metallic  st>ectra 
which  have  hitherto  been  made  are  with  two  exce]>tiou8.  either  of 
spark  spectra  or  spectra  of  substances  vaporized  in  the  carbon 
arc.  The  two  exceptions  to  which  we  refer  are,  Brst,  the  well- 
known  spectrum  of  iron  by  Kayser  and  Rnnge  in  which  Ihc  are 
employed  is  that  Iwtwcen  iron-rods  about  one  centimeter  in  di- 
ameter, and  secondly  a  copper  arc  with  which  these  same  gentle- 
men have  attempted  to  vaporize  strontium  and  thus  obtain  the 
triplet^  at  K  3BO0  free  from  the  cyanogen  band.  They  say.  how- 
ever, that  the  arc  worked  so  badly  as  to  give  only  one  line  out  of 
the  three. 

The  well  known  difficulty  with  the  spark  spectrum  is  that  it  is 
almost  as  characteristic  of  the  slight  differences  in  physical  con- 
dition under  which  it  ia  obtained  as  of  the  chemical  element  from 
which  it  is  obtained.  Not  only  so,  but  owing  to  its  streaks,  as  it 
were,  of  high  temperature  ("luminescence"?)  there  is  obtained  at 
the  same  time  with  ilie  spectrum  o(  the  metal  also  the  spectra  of 
the  gases  in  which  the  discharge  takes  place. 

In  the  case  of  the  carbon  arc,  nature  has  fortunately  grouped 
its  many  thouRand  lines  into  bands,  Icavinj;  here  and  there  com- 
paratively clear  spaces  in  which  the  lines  due  to  substances  delib- 

•  Ames:  Phtt.  Mag.JaW.  1800.  p.  45. 

t  Kaj-MT  aud  Kunge:  Wie^l.  Ana.  Bd.  52.  p.  IIS  (1894). 


crntdy  introduced  into  the  arc  can  be  studied  with  a  high  degree 
of  ncfuracy  as  exemplitied  in  the  work  of  Kowlnnd  and  of  KuvmTi 
and  Kunge. 

Fortiinatfly,  also,  in  the  case  of  some  nietnla,  cspccinMy  the 
easily  volatile  ones,  the  metallic  vapor  acts  as  if  it  nbaotcd  oil 
the  current  from  the  carbon  vapor:  and  the  metal  comes  out 
Blrong  in  com  parison  with  the  carbon . 

At  the  same  time,  the  carbon  and  cyanogen  bands  extend  pn«( 
ticnily  through  the  whole  spectrum  from  A  3500  into  the  inl 
red.    Not  only  so,  bnt  many  of  these  carbon  lines  have,  as  n  rule,] 
intensities  quite  comparable  to  those  of  the  metallic  lines.    Om 
ingenious  effort  has  been  made  by  Kayser  and  Runge  (t.  c.)  to 
themselves  of  the  cyanogen  bands  by  working  the  carbon  arc  in 
a  current  of  carbon  dioxide.     This  is  partially  successful;  bnt,  nt 
best,  it  only  diminishes  the  intensity  of  the  band.    Messni.  Lewtd 
and  Ferry,"  speaking  of  the  infra-red  metals,  say,  "It  seem* as' 
though  little  more  could  )>e  done  in  the  discover?'  of  new  metalSc 
lines  unless  the  carbon  lines  are  first  careitilly  mapped,  or  some 
means  is  devised  for  raising  the  substances  investigated  to  saffi- 
ciently  high  temperature  without  placing  them  directly  in  the. 
[carbon]  arc."  I 

We  have,  therefore,  devised  and  used  during  the  past  year  the 
following  method  for  obtaining  the  arc  spectrum  of  the  metallic 
elements  free  from  carbon,  free  from  air  lines,  and  free  horn  any 
continuous  spectrum. 

The  idea  is  simply  that  of  an  arc  in  which  one  pole  rapidlj 
rotates  or  vibrates,  and  thus  prevents  welding  and  destroys 
coating  of  nxidc  which  in  many  cases  interrupts  the  current 
tweeu  ordinary  metallic  poles. 

To  accomplish  this  a  brass  disc  is  fitted  by  means  of  a  collar 
and  set  screw  to  the  shaft   (or  counter-shaft)   of  a  small  high 
speed  electric  motor.    Parallel  to  this  brass  disc,  and  upon  it  "^ 
a  base,  is  screwed  a  similar  disc.    These  discs  are  used  ab  jaws  ittfl 
which  to  clamp  snmll  pieces  of  metal  to  be  vaporized.  One  jwlc  of" 
the  electric  circuit  which  includes  the  arc  is  connected,  b^'  bnish< 
to  the  counter-shaft  shown  iu  section  at  A  (Fig.  1).    The  ol 
pole  of  the  arc  circuit  is  connected  to  another  clamp  F,  wbich 
means  of  the  screw  E  can  be  made  to  approach  or  recede  from 
the  rotating  disc.    The  clamp  is  also  fitted  with  parallel  jaws  to 
receive  a  small  piece  of  metal,  B,  to  be  vaporized.    This  metal,  D, 
is  moved  always  parallel  to  itself,  and  the  arc  between  B  and  C  'ja\ 
maintained  always  at  the  same  point.    Both  the  rotating  and.- 

*  Jobas  Itopkim  Dairtrtitr  CtrcaUtr.  Maj- 1894. 


the  sliding  jaws  are  mounted  on  tlie  same  hnse  with  the  motor: 
and  the  whole  in  so  Hj^ht  as  to  he  easily  earned  in  one  hand, 

The  disc  is  sec  in  rapid  rotation  and  the  metal  at  R  is  slowly 
fed  in,  by  the  screw  at  E,  until  the  arc  strikes.  The  incandescent 
vapor  is  then  curried  out  by  the  disc  into  the  lorra  of  nn  open  fan, 
and  is  projected  upon  the  slit  of  the  spectroscope  by  tlic  "image" 
lens. 

In  the  case  of  those  elements  which  are  easily  obtainable  in  the 
form  of  a  regulus  an  entire  disc  may  be  made  of  the  metal.  With 
the  rarer  metals  one  needs  to  use  only  a  small  piece  in  the  clamp, 
but  the  time  of  exposure  is  correspondingly  lengthened.  The 
disc  once  started,  no  attention  is  required  except  the  leeding  in  of 
the  metal  B.  Nearly  nil  the  wear  is  on  this  piece  and  very  little 
on  the  disk,  so  that  the  latter  will  last  for  a  comparatively  long 
time  while  the  former  has  to  be  renewed  with  a  frequency  depend- 
ing upon  the  amount  of  current  employed.  We  have  generally 
ased  a  bundrcd-volt  circuit  and  an  alternating  current  of  from 
two  to  ten  amperes.  Higher  voltages  sustain  a  longer  arc  and 
protect  the  mctol  from  mechanical  wear. 

For  the  purpose  of  a  comparison  spectrum,  is  used  a  second 
counter-shaft  placed  parallel  to  and  in  the  same  horizontal  plane 
with  the  first.  This  shaft  carries  an  iron  disc,  about  an  inch  in 
diameter,  against  which  is  fed  a  piciT  of  iron  tubing.  The  spec- 
trum of  any  one  metal  having  been  photograjthcd.  the  whole 
instrument  is  translated  laterally  and  the  current  switched  on  to 
the  iron  disc. 

While  not  so  convenient  as  the  Sun  in  many  ways,  the  iron 
spectrum  has  an  abundance  of  sharp  lines  evenly  distributed ;  it 
permits  one  to  work  in  all  kinds  of  weather  and  at  night. 

The  plates  whose  measures  follow  will  illustrate  the  method. 
They  were  taken  with  a  Rowland  concave  grating  of  ten  feet 
radius  and  nded  with  fifty  thousand  lines.  The  portion  of  the 
plate  measured,  in  each  case,  covers  a  part  of  the  spectrum  where 
the  carbon  bands  are  strong.  Knowing  of  no  adequate  method 
of  rcprodaction,  except  silver  printing,  wliich  is  too  expensive,  we 
have  selected  three  typical  plates  and  simply  measured  on  a  di- 
viding engine  all  the  lines  visible  including  ''ghosts"  and  recog- 
nized impurities.  The  tables  explain  themselves.  They  include 
all  the  lines  certainly  visible  through  the  reading  microscope  of 
the  dividing  engine;  but  a  still  lower  power  microscope  shows  a 
number  of  weaker  lines  Ix'twcen  those  measured. 

The  wave-lengths  were  determined  not  with  the  highest  accur- 
acy possible ;  but  well  within  a  tenth  of  an  AngstrOm  unit,  which 
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is  usually  ample  for  purposes  of  idea ti6cat ion.    Tbc  method  wm 

interpolation  between  two  of  Rowland's  standanl  iron  IineA.  ex-  mjl 

cept  in  the  case  of  copper  where,  for  ccnvcniciicc.  the  Interpol  a  tion  H 

19  between  two  of  Kayser  and  Runge's  copper  lines.                           ^| 

Plate  No.  178.    Tin.                                   ^fl 

VMNOt. 

Pteuin. 

Kurwr  u4 

Bww*. 

Bnwrti.                                           H 

Tin 

4803,66 

3662.44 

ThtrJ  order  line. nut  eon               i T«ortM<l  bj  jClAM.   ^| 

Tfa 

4762.72 

3178.12 

TbirJ  order  line.iiot  ci.<i<                 i<Mrlied  bv  ctoH.  _H 

^^^H           (GhCMt  \ 

4531.3U 

Second  order  ghost  o(  fru  ■•■•^-^■i}'i.                          ^^^^^ 

^^^B          (GhoH) 

452S.04 

First  onterghoBl  »!  Sn  4624.92.                               ^^^1 

^^H 

4524.01 

4524.02  1  Intcnsit}':^.                                                                  ^^H 

^^H           (C.hoat) 

4521.77. 

First  order  ehost  of  Sn  4634.92.                             ^^H 

^^^H 

4518.63 

Second  order  k^"*!  <>f  ^  4624.92.                            ^^H 

4A11.43 

latcnsity  tt :  sbarp.    Not  recoi^iKi).                          ^H 

^^^^^                                 Plate  No.  177.    Coffer.                                 H 

^^^^H         aiMiMt. 

PtaW  ITT. 

5 

5 

U«in«pk».                                              ^1 

^^^H         Copper 

4003. 1H 

4003.18 

1 

3t)9S.0fl 

6 

Haty.                                                                              S 

3979,97 

l6 

^^H 

3976.14 

6 

Eitrcmclv  wide  and  hofj.                                    ^^^H 

^^^^H           Caldflin 

39G8.0A 

4 

Prnanboter'a  H.                                                      ^^^H 

3f»S4.2T 

6 

Wide  nnd  hnxjr.                                                       ^^^^H 

3961.64 

6 

^^^H 

8981.63 

6 

Verjr  weak.                                                         ^^^H 

3W7.00 

6 

Hnxr.                                                                        ^^ 

^         Caldttm 

.■1933. 7B : 

4  j  Fr(iunbi>(er'«  K.                                                      ^^^H 

:iy33.n 

a    Wide  nm\  liAzr.                                                  ^^^H 

^^^^H           Copper 

3025.3G 

39:'5.40 

5 

^^^H 

^^^^B           Copper 

3S21.32 

3W21.38 

S 

^^^^1 

^^^^H           Copper 

3H9U.42 

3899.43 

6 

^^^^H 

3888.78 

6 

Verv  weak  aud  luu;  ,  cmcsiani  Une  At  ;t  SMIWJM^  ^| 

3AKS.3S 

6 

.So  roemblance  to  hcsd  o(  C  band  «t  38«S.iXk_^H 

3881.78 

6 

i^^H 

^^H           (Gboet) 

8S6S.P7 

Sn-ond  Onlcr :  bekMi|t«  to  Cti.  3tM0.04.             ^^H 

^^^^H          Copper 

38Hl.ao 

3861.88 

5 

^^^^1 

^^^^B           Copper 

3880.57 

3S60.64 

3 

^^^^1 

^^^^H          Iron 

3860.03 

6 

■.  <K.&  K.)                                            ^^M 

^^^H          (Ghost) 

3867.88 

« 

1 :  bdosBi  lo  Cn.  SSOaOi.                  ^H 

3844.57 

ft 

iLiiu  Uiujr.                                                       ^^^^1 

3837.48 

« 

Wide  Bad  Iwsy.                                                  ^^^H 

^^^H         Imo 

3826.99 

e 

Sharp irarent  F(-3Ji2A.04  iK.  St  R.V               ^^H 

^^^H         Copper 

3820-17 

.182.1.13 

R 

^H 

^^^^^^    Copper 

3830.97 

3821.01 

4 

3M2()..'>3 

e 

Sharp:  uiiUkc  Ug.  36203  (K.  it  K.).               ^^| 

3H1 7.57 

6 

Prolublr  not  copper.                                            ^^^H 

3813.60 

6 

^^H^         Coiver 

3Hi:(!.UM    3813.00 

6 

Wide  and  hnxy.                                                  ^^^H 

^^^H           Copper 

3805-29    380S.33 

3 

^ 

^^^V                                         ^^^^^^                                               ^,^:.^B 

Henry  Crew  and  Robert  Tatnall. 
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IkMMl. 

PUu  in- 

1 

6 

RNnarlM. 

3803.64  1 

Wide  and  haxy. 

38<¥>.57 

4 

Fairly  sharp. 

3T»9.»9 

6 

Ratheritharp. 

3797.34  1 

S 

Hacy. 

3-SS.74  1 

6 

Wide  and  hazy. 

3780.20 

0 

Wide  nnd  haijr. 

Copper 

3771.96    3771.08 

4 

3764.98 

6  1  Wkle  and  hiu;. 

Copper 

37Ai).56    376'J.53 

4' 

Iron 

375SJ3& 

e    Fe  3758.30  (K- &  R.). 

Iron 

374961 

6    Ke  3740.61  (K.&R.). 

3745.63 

S 

Bsxy. 

3743.53 

6 

Copper 

3741.36    3841. 3» 

3 

Iron 

3737.27 

6 

Fc  3737.27  (K.&H.). 

Iron 

3734.96 

6  :  Slisrp  trace  dT  Fe  3739.00  (K.  &  R.). 

Copper 

3734.29 

3734.27 

a! 

3731.79 

6 

Baxy. 

3730.89 

5 

Very  aliarp. 

3730.00 

6 

Sharp. 

Co|>per 

3713.06    3712.0S 

4 

Hazy. 

3707.31 

6 

Excee<ttn&lr  weak  and  hair. 

Iron 

3701.20 

6  '  Trace  o(  ft  3701.30  (K.  &  JL). 

Copper 

3700,61    a7(»0.6S 

3 

3699.17 

0 

Haiy. 

3695.4«i 

6 

Ba^r. 

Copper 

3688.38 

3688.60 

6 

Bxceedinciv  wide  and  hazy. 

3686.67 

5    Kxthrr  sharp. 

8685.04 

6 

Rather  sharp. 

S,T' 

3684.77 

8684.76 

3 

3683.60 

6 

Paint  trace  of  Pb.  3683.60  (K.  &  R.). 

Copper 

3678.06 

3676.97 

6 

Copper 

8673.04 

8673,00 

6 

Copper 

3505.83 

8665.85    4 

3664.31 

;6 

Busy. 

Copper 

3659.44 

3659.44 

5 

Capper 

36&6.a0    3G.'>6.90 

6 

Copper 

8655.99    3655.99 

4 

Copper 

3054.47  1  3654.60 

6 

Copper 

36.'i2.48    3052.56 

6 

3650.97  t 

6 

H»y. 

Copper 

a64S.5S  ,  3048.53 

5 

Copper 

3645.31  '  3045.32 

4 

3644.80* 

6 

Copper 

3641.80,3641.79 

S 

Copper 

363601    3036.01 

4 

3633.67  1 

S 

Shaded  toivanlt  viokt. 

36^9.9U 

6 

Copper 

3627.*u!  3627.30 

4 

Coo)>er 

3624.30    3634.8S 

ti 

Copper 

3631.32    3631.33 

3 

Copper 

3620.47    3020.47 

6 

S611).o2 

6 

Certainly  not  copper. 

<Oho«t) 

3618.88  , 

6 

Fintt  order:  lielongs  to  Cn.  3631.33, 

<OlKMl) 

3616.37 

6 

Second  order:  belong*  to  Cn.  3621.33. 

*  The  iroti  line  at  3648.80  (K.  &  R.)  is  much  vreaker  than  some  of  its 
neighbor*  which  do  not  show  ns  trapurily  linc».  Hence  this  line  i«  prohnhly  not 
iron. 
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KlVBMt. 

PUttttUI. 

Kwcvtruid 

Haas*. 

■ 

6 
4 
G 
5 
6 

i; 

6 
3 

B«nAr%B 

Coppin' 
Copper 

<Cboit) 
(Ghost) 
(Obott) 
Coppcf 
Copper 

3614.31 
36l3.fs6 
3610.88 
9609.43 
3607.23 
3601.M 
3604.30 
S603.10 
35&0.90 

3014.81 
3613.86 

3602.11 
35W>.20 

Hiiiy.    Strong  C<1.  line  at  i  30S0.C4.               M 
N'cry  sharp.                                                               H 
Second  order:  bdoaes  to  3603.11.                     ■ 

l-'irKt  order:  belongs  to  3601M1.                         ■ 
Sccund  order:  bduag»  to  3W9^                     H 

Plate  No.  169.    Zrac. 


KavMrand 

■Ubmhi. 

MaU  IW. 

Bdd^. 

ttmartt. 

<  Ghost  t 

+82«.26 

Fifth  order. 

(Ghost) 

4t)24.21 

Fourth  ord«r. 

(Ghost) 

4K21.1M 

Third  order. 

(Ghost) 

+817.41 

Second  order. 

(Ghost) 

4814.18 

Fint  order. 

Ziac 

4KICt.7a 

4610.71 

Intensity  1. 

(Qboat) 
(GhoM 

4S07.3C 

First  order. 

4SU4.1I 

Second  orrler. 

(Ghost) 

4KIK).K4 

Third  order. 

I  Ghost  1 

4797.30 

Fourth  order. 

(Ghost) 

47»3.90 

Fifth  order. 

(Ghost) 
(Gbosi) 

47aS  711 

Fifth  ortlcr. 

473532 

Fourth  order. 

(Ghost) 
(Ghost) 

4732.26 

T)iird  order. 

472S.W 

Set-ond  or<ler. 

(Ghost) 

4725.70 

First  order. 

Zinc 

4722.34 

4722.20 

Intensity  1. 

(Qhoit) 

4719.0:1 

First  order. 

(OboKC) 

4715.79 

Second  oriler. 

(GhoR) 

4712.67 

Third  order. 

(Ghost) 

+70«.36 

Fourth  i>nlrr, 

(Ghost) 

4705.98 

Fifth  order. 

(Ghost) 

4603.27 

Fonnh  order. 

(Ghost) 

4aB6.KS 

Second  onler. 

(Ghost) 

4A83.S0 

First  order. 

2inc 

+0R0.38 

46IW.38 

Intensity  1. 

lGho«t[ 
GboM) 

4077.<i4 

Pirnt  order, 

4073.97 

Second  order. 

<GhoM) 

4670.66 

Third  order. 

(OboM) 

4667.52 

Fourth  order. 

{ObMt) 

4004.25 

Fifth  onlcr. 

ZfOr 

4B;1().06 

4630.06 

Intensitr  4. 

Zbic 

(4013  90)    3075.115) 

Iillensliy  0:  third  orHer  line 

aae 

(4e<W.2£)>    3072.  lU 

Intensity  0:  third  orrter  line. 

2itw 

(4553,83)    3035.03 

lutenuty  6:  third  order  line 

Oat  of  9S  lines  measured  on  the  copper  plate  it  will  be  noticed 
that  we  are  unable  to  identify  4-1.  Tliey  arc  not  to  be  fouod 
among  Kavser  and  Kunge's  values  for  Ag.,  Au..  Sn.,  Fb.,  As.,  Sb., 
Mg.,  Ca.,  Zn.,  St.,  Cd.,  Ba.,  Hg.,  Li.,  Ka.,  K.,  Rb.,  Ci.,  or  Fc. 


It  is  probnble  that  these  41  lines  belutiK  to  impurities  wliuse 
wave-lengths  have  not  yet  been  determined  (or,  at  least,  not  pub- 
lished) with  an  accurrcy  sufficient  for  identification.  It  is  not 
impossible,  however,  that  some  of  these  are  new  copper  hnes.  We 
have  found  very  little  difference  between  "commercial"  copper 
and  that  which  is  sold  by  chemical  supply  houses  under  the  label 
"chemically  pure." 

From  the  tables  it  will  be  seen  that  the  plates  are  practically- 
clear  cxcci>t  for  the  impurity  lines,  which  are  very  weak,  many  of 
them  not  showing  on  a  silver  print.  In  any  case,  a  table  of  im> 
purity  lines  and  ghosts  might  accompany  each  map.  A  few  years 
hence,  when  the  spectra  of  the  metals  are  more  completely  meas- 
ured, such  a  table  will  \k  easily  made. 

NoRTnWKSTEUX  UNIVERSITY, 

Evanstori,  Illinois,  July,  1SU4. 


THE  INPRA-RBDSPBCTRA  OP  METALS 


B.  P.  LBWIS  juu>  Bu  8.  PBRRV. 


In  order  to  extend  the  range  of  standards  of  wave-lengths,  we 
have,  under  Professor  Rowland's  direction,  been  engaged  for 
several  months  in  a  bolomctric  investigation  of  the  infra-red  spcc- 
traof  metals.  Theapproximate  wave-lengths  of  a  few  lines  in  this 
region  have  been  fonnd  by  Bccquercl,,Abney,  and  others.  The 
most  recent  and  reliable  results  are  those  obtained  by  Snow,  who, 
with  a  fluorspar  prism  and  bolometer,  investigated  the  spectra  of 
the  alkaline  metals.  He  measured  a  number  of  wave-lengths  by 
an  ingenious  interference  method,  with  probably  the  highest  de- 
gree of  precision  attainable  by  the  use  of  a  prism.  In  order  to 
obtain  any  high  degree  of  accuracy,  however,  it  is  necessary  to 
use  a  concave  grating,  although  the  difficulties  arc  very  much  in- 
creased by  the  greater  dispersion  and  the  division  of  the  energy 
among  a  number  of  spectra.  On  account  of  these  difficulties  very 
little  in  the  way  of  definite  results  h»8  as  yet  been  accomplished, 
because  it  will  l«  accessary  to  compare  a  large  number  of  obser- 
vations in  order  to  eliminate  the  many  accidental  effects  which 
unavoidably  oeeur.  We  have  not  as  yet  succeeded  in  making  a 
large  number  of  reliable  observations,  because  it  has  been  impos- 
sible to  take  any  trustworthy  readings  during  variable  vveatbcr, 
there  being  uo  means  of  keeping  the  room  at  a  constant  tempera- 
ture. 

"  Johns  Hopkins  University  Ctrcnlsr,  No.  113. 


APPARATC9  AND  METHODS  OF  OnsERVATION. 

The  apparatus  conftists  of  a  six  inch  concave  diiTrtiction  fpnxing 
of  21  ft.  ti  ill.  radius  with  14000  lines  per  incb.  mounted  on  a 
spectrometer  of  the  usual  Rowland  pattern,*  a  bolometer  and  a 
galvanometer.  The  spectrometer  is  so  arranged  with  hclKMUit 
and  arc-lamp  that  by  the  simple  movement  of  a  cord  either  ibc 
solar  or  arc  spectrum  can  be  observed  tis  desired.  A  salt  of  the 
metal  whose  spectrum  is  to  be  investigated  t»  placed  in  hole* 
drilled  iu  the  carbons. 

The  galvanometer  is  one  desijfned  by  Professor  Rowlnnil  especi- 
ally for  this  experiment,  and  contains  Hcveral  new   points  that 
make  it  much  easier  to  adjust  und  use  than  the  ordinary  forois. 
The  two  sides  containing  the  coils  are  hinged  at  the  boctom.  ond^ 
when  closed  are  fastened  to  the  frame  by  thuml>-screws.  cnnblini 
one  to  examine  thcsystem  with  minimum  difficulty.   The  foar  coil 
are  in  brass  cu[>s  that  can  Ik  move<l  to  diBercnt  distances  from; 
the  needles,  or  can  be  entirely  removed  and  others  subKtitutcd  inj 
a  few  seconds.   In  these  experiments,  the  coils  are  wound  tcinboue| 
25  ohms  resistance  cacti,  and  coupled  in  multiple  so  that  the  re- 
sistance of  the  four  coils  is  about  8.25  ohms.     For  the  nerdirs*. 
various  kinds  of  steel  were  tested,  and  the  selection  made  by  the] 
following  device;  after  the  little  sicel  bars  were  «hn[>«l.  hnnler>rd 
nnd  magnetized,  a  pair  pointing  in  the  same  direetiun  was  fast* 
ened  to  a  minnte  glass  tube  nnd  the  period  of  oscillation  ohservrd. 
The  pair  giving  the  most  rapid  period  is  the  strongest.    Then  one 
of  the  needles  was  reversed  and  the  period  of  oscillation  again  ob. 
served.    The  pair  giving  the  slowest  |H'riod  is  the  most  ncnrlTi 
astatic.    The  pair  nf  needles  best  fulfilling  these  two  condition*! 
was  selected.    The  entire  system    weighs  0.125  grams  of  whichj 
the  needles  weighO.OSS  grams.    Both  (^uartx  nnd  silk  sH«iKrn«ion« ; 
have  been  nsed.but  a  silk  one  has  l>een  fmidly  ndoptc<t  on  nccountj 
of  its  smaller  torsion.    The  figure  of  merit  of  thegnlvanomctcr  msJ 
actually  used  with  a  ]X-riod  often  seconds  per  single  swing  i.4  ol 
the  onicr  lO-*;  lint,  if  desirable,  this  could  lie  greatly  incrcasetl 
In  holomctric   work,  however,  the  effect  of  CKtrane«>us  disturb.] 
ances  gives  a  practical  limit  to  the  Mrnsitiveness  dcsindjle,  whtcfa, 
with  the  appnrntus  employed  under  the  conditions  of  lbi5  ex| 
meat,  is  about  that  given  above. 

(■rent  (hniculty  was  experienced  in  securing  suitable  plntini 
stri|}s  for  tlie  bolometer.    An  attempt  was  made  to  make  ftHp* 
bjr electro-deposition  on  silver, but  deposits  of  a  suitable  tlitcki>cs»j 

"    Por  description  i»f  thin  xpn-trofnctcr  bit  n  (nntrr  1i.r  Dr.  I-  8.  Amc* 
AtnutMQUV  A%o  AvTBu-PninOiJannarv  1&93. 


wrerc  found  too  fragile  fur  use.  Those  6na]|.v  used  were  obtained 
by  hammering  No.  W  wire  flat  between  two  piccca  of  polished 
steel,  the  wire  Inring  stretched  by  a  bow  of  weak  spiral  spring 
during  the  process.  The  diameter  of  wire  was  bIkjuI  0.O42  mm., 
and  the  titrips  produced  were  about  0.4  mm.  in  width  and  0.004 
ram.  thick.  The  platinum  was  evidently  quite  impure,  its  tem- 
perature coefficient  being  only  0.O027.  The  resistance  of  the  wire 
was  about  2  ohms  per  inch  at  2^  C. 

The  bolometer  was  arranged  differentially  accordinjt  to  Profea- 
eor  Rowland's  suggestion,  so  that  the  effects  due  to  variations  in 
the  arc  might  be  to  a  great  extent  eliminated.  Two  parallel  strips 
of  platinum  about  2.5  cm.  long  were  placed  about  4  mm.  apart 
in  a  vulciinite  box  containing  two  openings — one  in  front  to 
admit  the  radiation  and  another  in  the  rear  so  that  the  strips 
could  be  seen  by  the  observer.  The  other  arms  of  the  bridge  were 
of  German  silver.  Originally  each  was  of  fine  wire,  of  about 
36  ohms  resistance,  wound  on  a  brass  cylinder  screwed  in  the 
lop  of  the  vulcanite  box,  but  it  was  found  that  the  current  used — 
about  0.3  amperes— heated  it  considerably,  and  the  beat,  Ixing 
conducted  downward  by  the  brass  cylinder,  produced  considerable 
disturbance.  .\rms  of  larger  wire  with  a  resistance  of  about  4 
ohms,  wound  upon  a  videanite  cylinder,  were  finally  substituted 
with  more  satisfactory  results.  It  was,  of  course,  impossible  to 
secure  a  perfect  balance  on  the  arms  of  the  bridge,  so  that  it  was 
necessary  to  ptit  a  resistance  box  as  a  shunt  to  an  arm.  The  bo- 
lometer was  mounted  in  a  brass  tnl>e  which  was  substituted  for 
the  eye-piece  on  the  spectrometer  arm. 

The  platinum  strips  being  1>oth  e^cposed  to  the  radiation,  a 
double  set  of  readings  is  obtained  on  each  hot  line  as  the  bolo- 
meter is  moved  through  the  spectrum.  There  is  little  danger  of 
contusion  arising  from  the  use  of  two  strips,  unless  a  numtKr  of 
strong  lines  are  grouped  together,  wtiile  the  diffused  radiation 
from  the  arc  should  affect  both  equally.  At  first,  great  trouble 
aud  loss  of  time  was  experienced  from  rapid  drift  of  the  neetllc.  It 
seems  that  nearly  all  who  have  used  the  bolometer  have  met  with 
this  difficulty.  Professor  Langlcy,  with  all  the  precautions  and 
skillful  devices  suggested  by  his  long  exjjerience,  has  not  succeeded 
in  entirely  doing  away  with  it.  Snow  attributed  it  to  lack  of 
homogeneity  in  the  strips  due  to  smoking  over  a  Hame.  Our  ex- 
perience inilicatcsthat  lack  of  homogeneity  is  the  correct  explana* 
tion.  After  breaking  the  original  strips,  several  pairs  of  new  ones 
were  tried,  all  giving  great  trouble.  Finally,  a  pair  was  used 
which   produced  very  little  drift.    Nothing  was  changed  in   the 
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bolometer  or  its  connections  except  the  strips,  so  it  seems  evident 
that  the  processes  of  unnenling,  hnnnncrin^,  soldcrini^  and  smok- 
ing may  prodnce  considerable  dilTerrnces  in  the  temperature  cocC 
ficicnt  of  strips  from  theaame  piece  of  wire  nnd  to  all  nppenntncei 
simitar.  Thus  the  selection  of  suitable  strips  seems  largely  a 
ter  of  chance. 

It  was  thoHjjht  best  to  use  rather  wide  strips  on  account  of 
incrcHscd  sensitiveness  due  to  j^reater  sarface  exposed  to  radia-' 
tion  nnd  to  the  larger  current  which  could  be  employed.  The  arc 
subtended  by  the  strip,  however,  is  less  thjin  12".  This  is  very 
near  the  limits  of  accurate  measurement  at  present  attainable. 
The  strips  used  by  Snow,  though  ven*  narrow,  subtended  on  «t>* 
gle  of  about  69",  while  of  course  the  dispersion  of  his  prism  wa* 
much  less  than  that  of  the  grating  used  in  these  experimeni 
The  calculated  sen.'*itivcness  of  the  bolometer  is  about  .OOOOl 
gree. 

In  order  to  decrease  the  effect  of  air  currents  about  the  wrap- 
pings  of  the  bolometer,  it  was  decided  to  try  the  cifect  of  liavtogaO 
four  arms  made  of  thin  strips  as  nearly  identical  at*  possible,  am 
having  them  all  clc^e  together  witliin  the  same  enclosure.     Fol 
the  purpose  of  increasing  the  gatranomcterdenectionstwochnngc 
were  made  in  the  original  arrangement;  first,  each  strip  wai| 
doubled  back  upon  itself  so  as  to  have  twice  the  area  and  twk 
the  resistance  acted  upon  by  Che  light;  and  second,  all  the  slrii 
were  made  elTccttvc  b^'  placing'  the  ones  corresponding  to  oppa«it4 
anus  of  Lhe  bridge  one  l>ack  of  the  other  in  such  a  manner  thai 
two  compound  strips  were  formed  each  of  four  times  Che  >vidth 
a  single  one.    The  same  differential  arrangenicnt  was  employ* 
as  in  the  instrument  Jintt  constructed.    The  case  was   mode 
metal  and  the  openings  closed  with  glass  sUdcs  so  aa  to   be 
draught  tigtit.    A  current  of  0  3  niii[Krcs  was  used  in  tbc  bol 
meter,  and  for  the  purpose  of  keeping  the  temperature  of  the  ii 
strument  constant,  this  current  was  kept  in  the  instrument  cui 
ttnuuusly. 

The  method  of  observation  consists  in  slowly  moriog  the  bole 
meter  through  the  metjillie  spectrum  produced  by  the  volattlua- 
lion  of  amend  in  the  arc. and  noting  all  galvanometer  defiectiana. 
The  motion  of  the  carriage  supiwrting  the  bolometer  is  prodi 
by  n  very  accurate  screw  made  by  Professor  Rowland's  pi 
enabling  the  position  of  the  bolometer  stri]is  to  Ik  rend  down  lo" 
.01  of  an  Angstrom  unit.    Similar  carbons  are  then  substituted,, 
in  which  none  of  the  metal  bas  been  introduced,  nnd  the  gnlvnnt 
meter  deflections  again  noted.    The  deflections  observed  with  the' 


roetal  that  are  not  obscr\'wl  when  tlic  clean  carbons  arc  em- 
ployed, are  due  to  the  bright  line  sjK'ctnim  of  the  metal.  Of  course, 
in  both  sets  of  observations,  there  will  be  many  deflections  due  to 
extraneous  magnetic  and  mechanical  distarbanccs,  bnt  these  can 
usnally  be  distinguished  from  the  deflections  produced  by  a  bright 
line  by  the  fact  that  with  the  diflerential  arrangement  here  em- 
ployed, a  bright  line  gives  four  distinct  galvanometer  deflections 
of  definite  directions  and  separated  from  each  other  by  detintie 
distances.  The  only  uncertainty  occurs  when  the  bright  lines  are 
close  together,  as  in  the  case  of  a  carbon  band.  To  overcome  this 
uncertainty,  the  region  is  traversed  several  times  by  different  bo- 
lometcrs  in  which  the  strips  are  separated  from  each  other  by 
different  incommensurable  known  distances- 

As  a  test  of  whether  thft  line  thus  discovered  really  belongs  to 
the  metal  to  which  it  is  supposed  to  be  due,  one  strip  of  the  bolo- 
meter is  placed  at  the  point  where  the  line  is  supposed  to  be 
located  and  the  arc  lamp  started  burning  clean  carbon.  An  end 
of  a  bored  carbon  filled  with  a  salt  of  the  metal  is  then  placed 
in  the  highly  heated  gaseous  envelope  of  the  poles  and  the  gal- 
vanometer observed.  If  a  deflection  occurs  in  the  profier  direc- 
tion, the  bolometer  is  moved  till  the  strip  is  replaced  by  the  other 
one,  and  the  charged  carbon  again  insertal  in  the  arc.  There 
ought  now  to  occur  a  deflection  of  the  galvanometer  in  the  op- 
posite direction.  By  repeating  these  observations  many  times, 
consistent  results  have  already  been  obtaine<l  which  locatcseveral 
infra-red  metallic  lines.  The  wave-length  of  these  lines  was  deter- 
)ninc<]  by  comparison  with  the  overlapping  solar  spcctnim  of  the 
second  order. 

The  region  thus  far  investigated  is  in  the  first  spectrum  and 
extends  only  to  about  12000  Angstrftm  units,  so  that  there  is 
little  trouble  due  to  overlapping  spectra,  which  can  be  cut  out  by- 
various  absorbing  media. 

The  principle  difficulty  experienced  has  been  with  the  drifting  of 
the  galvanometer  ijcedle.  After  preparing  bolometer  strips  which 
give  a  minimum  of  drift,  the  precautions  which  have  been  found 
most  effective  in  decreasing  it  are:  thermal  insulation  of  the  bolo- 
meter and  connections  in  the  leads  from  air  draughts,  stationary 
temperature  of  the  strips  themselves  by  the  continuous  passage 
of  a  constant  cun-cnt  through  them,  uniform  lemperatnre  of  the 
room  in  which  the  experiments  are  performed,  frequent  astatic- 
ization  of  the  galvanometer  needles.shicldingof  the  galvanometer 
connections  from  radiation  by  the  use  of  a  metallic  screen,  rheo- 
stat for  the  bolometer  shunt  having  coils  of  low  tempcratwre 
coefficient. 
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We  at  first  attempted  the  investigation  of  calciaro,  bat  the  co- 
existent carbon  lines  made  the  attempt  hopeless. 

It  is  well  known  that  when  sodium  and  potassiuin  salts  ore 
burned  in  the  arc  they  cool  it  to  such  an  extent  thnt  the  carboa 
lines  are  almost  eliminated  in  the  visible  spectrum,  i'or  tins 
reason  we  used  sodium,  so  that  complications  due  to  the  carbon 
lines  might  be  avoided,  but  to  our  surprise  found  that 
any  effect  of  the  kind  was  noticnble  in  the  infra-red.  \Vc  tl 
cided  to  confine  ourselves  in  the  beginninji;  to  the  more  accural 
meastirement  of  lines  whose  positions  are  already  appmximatriv 
known.  The  following  infra-red  wave-lengths  for  so<)iani  have 
been  found  previously : 


Abnejr.  Knyxr  and  Ruogc, 

8199  8200.3  *  ) 

8tS7  8188.S  i 


Snow. 
8180. 


\Vc  have  found  decided  indications  of  lines  approximatclr  co- 
incident with  the  above,  but  have  not  yet  succeeded  in  fising  the 
position  of  the  maxima  closelyenough  for  more  accurate  tneasar^ 
ment.  Snow  found  an  intense  line  at  11430,  and  Knyscr  ai 
Runge  have,  by  calculation  from  empirical  formula,  predicted  ii 
lines  of  wave-lengths  linO+.S  and  11481.8.  We  have  fooi 
decided  evidence  of  two  sodium  linesof  approximate  wnve-Ieogth* 
ll+8Rflnd  11468. 

We  intend  to  go  on  with  the  more  accnraie  measarcroent 
lines  whose  position  is  already  approximately  known,  and 
make  at  least  a  prcliminarv  survey  nf  the  infra-red  carbon  »i 
trum.    It  seems  bs  though  little  more  could  be  done  in  the  db 
covery  of  new   metallic  lines  unless  the  cnrhon  line*  are  fii 
carefully  mapped,  or  some  means  is  devised  for  raising  the  sul 
stances  investigated  to  sufficiently  high  CempcrAiure    witi 
placing  them  directly  in  the  arc. 


THE  SPECTRUM  OP  MARS'. 


W.  V.  CAMPBBLU 


The  sfKctrum  of  Mars  has  be«n  observed  by  several  cmii 
astronomers— Rutherfurd,    Secchi,    Janssen.     Hug^na.     Vi 
Maunder.     These  observers  had  L-sixviatly  in  mind  the  koIuI 
two  questions:    (a)  Is  there  spectroscopic  evidence  of  an  «j 
sphere  on  Mars?  and  {b)   Is  tlicrc  spectroscopic    evidence 
aqveovs  vapor  in  the  atmosphere  of  Mars? 

'  Pablkathm  A.  S.  P..  So.  37. 


The  obserrations  made  in  1862  in  America  by  Rutherfurd*  did 
notgi\*ean  affirmative  answer  to  these  questions.  The  meagre 
results  obtained  seem  to  show  that  his  instrumental  equipment 
was  not  adapted  to  the  solution  of  this  problem. 

The  details  of  Janssen's  observations  have  not  been  published, 
so  far  as  I  know,  but  his  conclusions  are  expressed  in  a  lettcrt 
read  to  the  French  Academy  in  1867 :  "  1  cannot  bring  this  letter 
to  n  close  without  telling  you  that  I  have  ascended  Mt.  Etna  for 
the  purpose  of  making  some  spectroscopic  observations  which 
require  a  great  altitude  in  order  to  annul  the  greater  part  of  the 
influence  of  our  atmosphere.  From  these  observations  and  from 
those  which  I  have  made  at  the  Olyscrvatorics  of  Paris,  Marseilles, 
and  Palermo,  I  liclicve  I  can  announce  to  you  the  presence  of 
aqueous  vapor  in  the  atmospheres  of  Mars  and  Saturn," 

In  18()7  Hugginst  in  England  observed  lines  in  the  spectrum  of 
Mars  "apparently  coincident  with  groups  of  lines  which  make 
their  appearance  wlien  the  Sun's  light  traverses  the  lower  strata 
of  the  [Earth's]  «inio.*phcrc,  and  which  ai"c  therefore  supposed 
to  be  produced  by  the  absorption  of  gases  or  vapors  existing  in 
oor  atmosphere.  The  lines  in  the  spectrum  of  Mare  probably  in- 
dicate the  existence  of  similar  matter  in  the  planet's  atmo- 
sphere." 

We  have  not  the  dates  and  details  of  Secchi's  observations, 
but  in  1871!  he  wrote?  that  he  considered  his  observations 
"proved  the  existence  of  a  Martian  atmospheix  analogous  to 
our  own."  However,  there  appears  to  be  a  reasonable  doubt  as 
to  the  sufficiency  of  his  observations. 

The  most  extensive  observations  on  this  subject  are  those  made 
by  Vogel  in  Germany  in  1873.  From  his  observations  he  con- 
sidered that  "  it  i-«  delinitely  setttcfl  that  Mars  has  an  atmosphere 
-whoM  composition  does  not  diflcr  appreciably  from  ours,  and,  cs- 
jwcinlly,  the  Martian  atmosphere  must  be  rich  in  aqueous 
vapor.  "H 

Observations  by  Maundcrii  at  Greenwich  in  1877  conlirmed  in 
a  general  way  those  made  by  Vogcl. 

It  is  seen  that  the  investigations  of  five  eminent  spcctroscopist8 
lead  them  substantially  to  the  same  result,  viz.:  That  Mars'  at- 
mosphere is  similar  to  oar  owa.  Their  coiKlusion  has  been  very 


*  American  Jauroal  Sficnt*.  Jan,  1863. 

i  Comfjus  mtdus,  \oi.  I,XI\,  paKv  130-1. 

i  Monthly  Sotkcs  Roy.  .\st.  Soc.,  vol.  XXVII,  pflf;*  179. 

S  StigH  SiKttri  priamutici  di  Corpictkatc.Hamc,  1S72. 

'J  VnicrsuchaageD  utbcr  die  Sptclm  der  Piancten,  ytaac  20. 

i|  hioBtbly  Sotkta  Rny.  Aat.  Soe.,yo\.  XXXVIII,  page  55. 
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generally  accepted  by  astronomers,    A  careful  examinntU 
the  published  data  has  shown  nie  that  some  of  the  ot 
were  made  utider  circumstances  extremely  unfavorable,  unc 
belweeu  the  diflfcrciit  sets  of  observations  there  is  not  tl 
agreement  which  one  would  like  to  see.    While  I  belief 
Murs  has  an  atmosphere  .ind  that  it  contains  water  vaj 
seemed  to  me  that  a  repetition  of  the  spectroscopic  ol 
under  the  very  favorable  circumstances  existing  here 
valuable. 
Among  the  favorable  circumstances  we  may  mention : 

(1)  Improved  spectroscopic  apparatus.  The  ob«c 
mentioned  above  were  made  from  seventeen  to  thirty  y< 
witli  spectroscopes  comparatively  crude.  ' 

(2)  A  telescope  of  great  focal-length  and  correspondingly  1 
a[>erture.  The  telescopes  used  in  the  early  observations 
small  and  short,  so  that  the  images  of  Mfirs  formed  by  thei 
tfae  slit-plates  would  be  less  than  one-third  as  large  as  that  j; 
bv  the  SG-inch  equatorial.  This  is  an  enormous  advantage,  I 
in  estimating  the  relative  intensities  of  spectral  lines,  and  in  i 
paring  the  intensities  of  the  centers  of  the  lines  (correspotl 
to  the  center  of  Mars'  disk)  with  the  intensities  of  the 
the  same  lines  (corresponding  to  the  limb  of  Mars). 

(3)  The  altitude  of  the  Olwervatory,  which  eliminates 
problem  the  absorptive  eflfect  of  the  lower  4200  feet  of 
Earth's  atmosphere,  with  all  its  impurities.  Most  of  the  ol^ 
servations  were  made  from  near  sca'levcl.  ' 

(4)  The  very  dry  summer  air  prevailing  here.  The  avt 
relative  humidity  is  very  low  at  Mt.  Hamilton  for  the  mont 
July  and  August.  In  many  years  it  Is  less  than  35  per  i 
There  is  no  difficulty  in  selecting  nights  for  observing  the 
tnim  of  Mars  wbeu  our  relative  humidity  is  not  more  than 
quite  frequently  it  is  less  than  20.  This  is  a  very  impot 
factor,  since  in  examining  Mars'  spectrum  for  evidence 
Aqueous  vapor  it  is  very  important,  as  Janssen  pointed  oi 
1867,  that  we  eliminate  as  far  as  ix>&sible  the  effect  of  aqn 
vapor  in  our  own  atmosphere,  The  observers  do  not  seal 
have  taken  this  factor  into  account  (except  Janssen,  the  da 
of  whose  observations  appear  to  be  unpublished).  By  exnml 
the  contemporary  weather  data.  I  find  that  some  of  the  ohw 
tions  were  made  when  the  relative  humidity  was  81,  85  and 
90.  All  the  principal  published  observations  were  made  vi 
the  average  relative  humidity  at  those  seasons  of  the 
something  like  80. 


(5)  The  southern  location  of  the  Olwcrvntory  and  the  north 
declination  of  Mars  [wrmit  the  observations  to  be  made  when  the 
planet's  altitude  is  aa  Ki"t«t  as  59°.  At  an  altiuide  of  oS»'\  the 
light  from  Mars  passes  through  1.17  times  as  much  atmosphere 
as  it  would  if  the  planet  were  in  the  zenith.  The  most  important 
of  the  published  observations  were  made  when  the  planet's 
altitude  was  only  from  21^  to  26°.  That  is,  its  light  passed 
through  from  2.75  to  2.;iS  times  as  much  of  nur  atmosphere  as  it 
would  had  the  planet  been  in  the  zenith!  While  the  obscr\-er9 
sought  to  eliminate  the  effect  of  our  atmosphere  and  its  aqueous 
vapor  by  obser\*ing  the  lunar  spectrum  when  the  Moon  was  at 
the  same  altitudes,  it  must  be  evident  that  the  Martian  spectrum 
was  observed  at  a  tremendous  disadvantage.  One  observation 
was  made,  for  instance,  when  the  altitude  of  Mars  was  only  2-4" 
and  the  relative  humidity  of  our  own  atmosphere  was  85.  The 
effects  of  any  possible  Martian  atmosphere  would  he  pretty 
thoroughly  drowned  bj-  the  effects  of  the  great  thickness  of  our 
own  atmosphere,  nearly  saturated  with  moisture. 

(6)  Finally,  we  maj'  mention  that  our  knowledge  of  the  spec. 
trjm  of  our  own  atmosphere  has  been  largely  increased  in  the  last 
few  years.  Thollon's  excellent  maps,  for  instance,  are  of  great 
assistance  in  this  problem. 

With  all  these  favorable  circumstances,  I  expected  that  a  con- 
6rmntion  of  previous  results  would  be  a  simple  and  easy  matter. 

We  shall  now  state  briefly  ths  elements  which  enter  into  this 
problem. 

We  know  hy  observation  that  the  hemisphere  of  Mars  which 
is  turned  toward  the  Sun  is  bright,  and  that  the  hetnisphere 
which  is  opposite  the  Sun  is  dark.  The  planet,  therefore,  shines 
by  reflected  sunlight.  The  spectrum  of  Mars  must  be  identical 
with  that  of  the  Sun,  except  as  it  is  modi6ed  by  the  planet's 
(supposed)  atmosphere. 

The  highly  heated  interior  of  the  Sun,  constituting  its  most 
dense  portions,  radiates  light  of  all  possible  wave-lengths  r  that 
is,  its  spectrum  is  a  strictly  continuous  band — not  crossed  hy  dark 
lines.  The  outer  portions  of  the  Sun  are  gaseous,  of  very  much 
lower  temperature  than  the  ianer  portions,  and  made  up  of  the 
vapors  of  the  chemical  elements  contained  in  the  Sun.  These 
vapors,  mostly  those  of  hydrogen  and  the  metals,  constitute  a 
sort  of  solnr  atmosphere.  The  light  radiated  from  the  hotter 
interior  of  the  Sun  does  not  pass  freely  through  this  surrounding 
_atmosphere.    It  absorbs  some  of  the  rays  of  every  wave-length 

>ut  more  especially  the  blue  and  violet  rays).    This  is  called  a 


general  absorption.  It  also  selects  light  oi  particatar  wnrt- 
IcttgtbH  and  absorbs  that  tight  very  strotigiy,  proiluctiig  tiiedork 
lines.  The  absorption  which  produces  the  dark  Itnca  is  catlcd 
selective,  and  the  lines  are  called  metallic  lines.  The  solar  spec- 
trum consists  of  the  continuous  spectrum  of  the  Sua's  iatcrii 
modified  or  interrupted  by  thousands  of  {dark}  metsUlic  lit 
cauiicd  by  the  solar  attaosphere. 

Our  own  atmosphere  modifies   the  solar  light  which  pai 
through  it.    It  exercises  both  a  general  abfinrption,  which  weak- 
ens the  continuous  siKctrum,  and  a  selective  absorption,  whii^l 
introduces  ttC  least  1200  additional  dark  lines.    Thenc  dark  lin^P 
—called  telluric  lines— constitute  what  wc  may  term  the  spectrom 
of  our  atmosphere. 

ir  the  planet  Mars  is  surrounded  by  an  ntmonphcre,  it  no 
doubt  exercises  nn  absorption  upon  the  solar  light  which  enters 
it.  The  rays  of  light  coming  to  us  from  the  planet  orij^inatc  in 
the  Sun;  they  pass  once  through  the  solar  atmosphere;  tbcr  cx>- 
ter  Mars'  atmosphere,  are  reflected  partly  liy  the  planet's  Hurfucr 
and  partly  by  the  inner  strata  of  its  atmosphere,  and  tbra  pau 
out  through  its  atmosphere;  and  they  tinnlly  reach  us  by  paasDng 
once  through  our  atniospheiT.  The  spectrum  of  Mara  is,  there- 
fore, the  combined  spectrum  of  the  solar.  Martian  anil  trrrektrial 
atmospheres.  If  it  has  no  appreciable  atmosphere,  the  dpeclrtim 
of  the  planet  is  simply  the  combined  spectrum  of  the  »olnr  and 
terrestrial  atmospheres.  ^M 

The  problem  before  ns  would  he  prnetienlly  insoluble  if  we  di^^ 
not  have  a  convenient  means  of  eliminating  tlic  solar  and  tcrrrs' 
trial  spectra,  and  leaving  only  the  Martian  upectrum.    Oar  Mooa 
has  no  appreciable  atmosphere.    Consec|nently,  its  spectmtn  is 
the  combined  solar  and  terrestrial  spectrum.    If  we  compare  the 
spectra  of  Mars  and  the  Moon  when  these  bodies  arc  at  the  same 
altitude  atiovc  our  horizon,— that  is  when  their  light  imverw^^ 
the  same  thickness  of  terrestrial  atmosphere,— and  tind  that  tbej| 
differ  in  any  respect,   however  slight,  such   difference    must   he 
caused  by  an  atmosphere  on  Mars.    If  no  difierence  is  found  to 
exist  then  the  spectroscope  affords  no  evidence  of  si»ch  nn  atmo* 
sphere.    Thus  the  problem  resolves  itself  into  a  comjmnson  of 
the  Martian  and  lunar  spectra. 

Thollon  has  found  that  in  the  combined  solar  and  terrestrial 
spectrum  three  very  strong  groups  of  lines  are  prodticed  by  some 
of  the  constant  elements  of  our  atmosphere,  probably  by  the 
oxygen.  These  arc  the  Fraeinhofer  groups  A,B  and  a,  comprising 
about  130  separate  lines.    The  presence  of  these  tines  todkalcs 
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the  presence  of  atmosphere.  If  tliey  are  stron^r  iu  tlie  MflrtiAn 
spectrum  than  in  the  lunar  spectrum,  that  planet  must  hare  an 
atmosphere. 

Thollon*  found  other  ^ouiw  of  lines,  comprising  at  least  1100 
separate  Hnes,  produced  by  the  aqueous  vapor  in  oar  air.    They 
I        hare  been  divided  by  ThoUon  into  the  following  seven  groups : 

B  The  presence  of  these  groups  of  lines  indicates  the  presence  of 
H  nqticous  vapor.  If  they  are  stronger  in  the  Martian  spectrum 
'  than  in  the  lunar  Bpcctrum,  there  is  aqueous  vapor  in  the  atnios* 
^     pbcrc  of  MaTB. 

B  Xuw  while  all  these  lines  can  t>e  ohserred  imUvJdunUy  in  the 
'  solar  spectrum,  owing  to  thehi>;h  ilispersiou  which  can  l>e  used. 
'  they  can  only  be  al>serv«l  as  groups  or  baudH  in  the  Martian  and 
B  lunar  spectra,  on  account  of  the  faintness  of  those  spectra  and  the 
B    Uiw  dispersion  which  must  Ix'  eni|}loye<l. 

B  It  is  impracticable  to  observe  the  groups  A,  74-5-710  and  716- 
B  687,  which  arc  at  the  extreme  red  emi  of  the  spectrum,  and  tliey 
B  will  not  be  further  considered.  The  atmospheric  bands  H  and  a 
B  arc  easy  to  observe  in  both  spectra.  The  vapor  grou|js  of  lines 
B  require  great  care  in  obse^^'ing,  for  the  reason  that,  owing  to  the 
B  low  (lis{H*rsioa  which  must  Ik:  used,  the  individual  lines  are  not 
B  only  blended  with  each  other  but  also  with  the  solar  metallic 
B  lin<-s  which  lie  among  them.  In  the  7th  group,  for  instance,  the 
vapor  lines  are  so  much  fainter  than  the  neighboring  metallic 
lines  that  we  need  not  ponsider  that  baud  in  the  present  problem. 
For  the  same  reasons  the  6tli  group,  578-5(>7,  is  not  a  sufficiently 
sensitive  lest  tcir  aiiiieoiis  vapor,  fxcej)l  iu  the  Earth's  atmos- 
phere when' the  body  observed  is  neiir  the  horizon.  However,  the 
region  of  the  fi^h  group  was  cnrefuUy  observed  in  the  Martian 
and  hinar  spectra  on  several  nights.  The  4ch  group,  035-G28,  is 
useless  as  a  test  for  aqueous  vapor,  since  the  faint  lines  composing 
it  are  always  overwiielmcd  1}y  the  promiueut  lines  in  the  atmos- 
pheric group  a.    Only  the  3d  and  5th  groups  remain  available. 

*  It  must  not  be  consiilcntil  tliitt  the  credit  or  tlii?  work  Is  due  wltnllr  to 
Tboilon.  Many  ubscrvci-i.  Itrcwstcr.  GlAilstoite,  J(Hi»srn  oitd  r>th«f9,  invcsti^ttteU 
alon):  the  same  lioc^.  Dut  Thollon's  wurk  »  most  comiiletc  and  his  mnps  nrc 
cspd.'i.'flljr  con\'cnicnt  ntiil  uacAtl. 
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Oftlie  3(1  group  I  have  iiotfound  useful  thaL  portion  ofU  betwi 
660  and  653,  on  nctount  of  the  proscnce  of  ihe  very  hcfir 
solar  lines  and  other  solar  lines  among  the  relatively  faint 
lines.    I  have  for  my  own  nse  dirided  the  rest  of  the  3d  groi 
into  three  parts,  each  of   which   was  iound   nscfnl.      The 
covers  wave-lengths  BSIH-SO  and  inchides  ahoiit  ct^jrht  lojc 
strong  lines,  the  majority  of  which  an:  vapor  lines.    Under  nil 
the  disiKirsiona  used  it  wns  simply  a  vcrj*  narrow  Imnd  or  Ht 
which  I  shall  call  c'.    The  second  part  covers  the  region  OVJl 
6501).    It  includes  half-a'dozcn  strong  metallic  lines  and  n  fc 
strong  vapor  lines,  all,  however,  hlcnding  to  form  a  ver>-  »troc| 
narrow  liand  or  line,  which  we  shall  call  c".    The  third  part 
included  between  0403  and  G4-U0,  which  contains  a  great  mai 
vapor  lines  and  a  few  metallic  lines.    It  formed  n  bnnd  of  g( 
width  which  wc  shall  call  c'". 

The  I^th  group,  extending  from  597  to  ii«*i.  1  dirided  into  foi 
parts.    The  first  covers  wavc-lcngihs  59+l-595y;  it  contain* 
number  of  strong  aqueous  lines  and  several  metallic  linc«,  forinti 
a  band  which  I  called  d'.   The  second  covers  59:^8-35 :  il  is  stroi 
in  neither  metallic  nor  vapor  lines.    It  forms  a  narrow   bi 
which  I  called  cf'.    The  third  portion  covers  5912-25;  it  coQtaii 
a  few  metallic  lines  and  very  many  strong  vapur  lines;  I  call 
this  region  (/'",    The  fourth  c<)vcrs  D«H4-r.906;  it  euntains   t| 
two  very  strong  solar  lines  I),  and  I),,  several  fiiiat  sfjlnr  tines,  at 
a  great  many  vapor  lines.    It  would  l>e  a  very  useful  hand  if 
I>  lines  were  not  contnined  in  it ;  but  I  found  their  {rrescncT 
troublesome.    I*et  us  coll  this  region  d". 

For  the  reasons  giveu  above  I  conliued  my  olMtervatiuns  almi 
wholly  to  the  grou[W  H.  a.  c*.  c".  c'",  rf.  ff]  ft'"  and  e^'.  Of  tht 
I  found  that  at,  c',  c'",  o".  tf"  were  heat  sailed  for  ohscnrntion- 

I  observed  the  spectrum  of  Mors  on  ten  nights  lietwccn  Ji 
20  and  August  10  of  the  present  year,  paying  sjieci.'-' 
to  the  nine  critical  groups  of  lines  just  mentionrtl. 
the  nights  T  compared  its  spectrum  with  that  of  the  Moon,  wrl 
these  two  bodies  were  «t  e«iual  ilistancrs  atM>ve  the  horiron. 
two  nights,  July  24  and  25,  when  the  Moon  wal  near  the  pi 
1  turned  rcpcnte<lly  from  one  spectrum  to  the  other,  ivhl 
the  former  night,  the  planet  pnasetl  from  altitude  IS""  to  30* 
on  the  latter  night,  from  altitude  45^  to  55'\    The  two  ik]>ccti 
have  been  compared  wlicn  the  relative  humidity  of  our  nti 
s^ihcre  was  only  15  and  when  il  was  as  high  as  53.     The  ol 
vations  were  mfidc  principally  with  a  dense  0(r  llint  prisin,  wH 
magnifying  powers  of  13  and  7,  and  occnitionfllly  with  n 


prism  and  power  13.  When  the  lunar  spectrum  was  examined, 
the  slit  of  the  spectroscope  was  always  shortened  so  that  Ihe 
Innar  spectrum  was  of  the  some  width  as  the  Marttnn  8|>cctruui. 
The  slit  was  directed  always  upon  the  brightest  region  of  the 
Moon  in  order  that  the  two  spectra  should  be  nearly  of  the  same 
brightness,  which  is  a  ^-ery  important  condition  in  making  relia- 
ble comparisons.  In  a  word,  the  spectra  hnvc  been  compared 
under  a  variety  of  conditions,  but  with  the  conditions  for  the  two 
bodies  always  identical.  The  atmospheric  and  aqueous  vapor 
lines  hare  been  seen  in  both  Mars  and  the  Moon  decreasing;  in  in- 
tensity ns  these  objects  got  higher  and  higher  in  the  sky,  and  the 
aqueous  vapor  lines  varying  in  intensity  'with  the  amount  of 
moisture  in  our  atmosphere.  At  all  times  the  spectrum  of  Mars 
has  appeared  to  be  identical  with  that  of  the  Moon  in  every  re- 
spect. 

Further,  on  several  occasions  when  the  jilanet's  altitude  was 
lart^c.  I  cxamincti  the  critical  groups  of  tines,  especially  a,  to  de 
terntine  whether  the  ends  of  the  lines,  whicli  correspond  to  the 
limb  of  the  planet,  were  stronger  than  their  centers,  which  cor- 
respond to  the  center  of  the  disk.  The  lines  apijenred  to  be  of 
uniform  intaisity  throughout,  su  far  as  the  ililTerent  intensities 
of  dillerent  portions  of  the  sui-faec  permitted  a  safe  estimate  to 
be  made. 

The  intensity  of  the  critical  bands,  a,  for  instance,  was  appre- 
ciably greater  when  the  Moon  and  Mars  were  only  30°  above  the 
horizon  thfin  when  they  were  55'.  The  relative  thicknesses  of 
our  atmosphere  traversed  by  the  rays  when  the  bodies  were  at 
altitudes  of  30°  and  55'  were  as  2  to  1.22.  If  the  roya  of  tight 
from  one  of  the  Iiodies,  Mars  fur  instance,  pass  through  a  unit 
thickness  of  our  atmosphere,  and  tlie  rays  from  the  Moon  pass 
through  11^  units,  the  intensity  of  a  in  the  spectrum  of  the  latter 
is  certainly  greater  than  in  the  si>ectruin  of  the  former.  In  fact, 
1  am  iiuite  confident  that  a  dill'erenceof  25  jier  cent  in  the  lengths 
of  paths  traversed  by  the  rays  from  the  t^vo  bodies  would  cause  an 
appreciable  difference  in  the  intensities  of  their  nr  bands.  The  ac- 
curacy of  the  ol>8ervation  is  greatly  increased  by  lite  presence  of 
several  neighboring  metallic  lines  which  can  be  used  as  standards 
of  comparison. 

The  results  of  the«r  observations  are  as  follows: 

i^Wt.— The  spectra  of  Mars  and  our  Moon,  observed  under 
tavoraI)le  and  identical  circumstances,  seem  to  be  identical  lu 
every  respect.  The  atmospheric  and  aqueous  vapor  bands  which 
were  observed  in  both  spectra  appear  to  be  produced  wholly  by 


the  dements  of  the  Earth'it  atmosphere.  The  ubMrratioiu, 
therefotv,  furnish  no  evidence  whnteTcr  of  a  Martian  atmaiipherr 
containing  aqueous  rapur. 

Seconcf.— The  observations  do  not  prove  that  Muni  hit*  no 
tnospherc  similar  to  our  own ;  but  thery  set  a  superinr  limit  to  il 
extent  of  such  an  atmosphere.    Sunlight  coming  to  tis  via  Xfai 
woald  pass  twice  cither  partially  or  completely  throujEh  his 
mosphcrc.    If  an  increase  of  25  to  50  per  cent  in  the  thxlii 
our  own  atmosphere  produces  an  appreciable  cf^t,  ft 
Martian  atmosphere  one-fourth  as  extensive  as  our  own  oagi 
to  be  detected  by  the  method  employed. 

Tbird.—K  Mars  has  an  atmosphere  of  appreciable  extent,  it> 
absorptive  c6cct  should  be  noticeable  capcciaVj  at  the  limb  of  the 
planet.  My  observations  do  not  show  an  increase*!  absorption  «t 
the  limb.  This  portion  of  the  invcsli^jation  greatly  strcnifl 
the  view  that  Mars  does  not  have  an  extcasivt  ottnospherc. 

While  I  believe  that  the  polar  caps  on  Mars  arc  conclnmi 
evidence  of  an  atmosphere  and  aqueous  vapor,  I  do  not  conaidi 
that  they  exist  in  sufficient  quantity  to  be  detected  by  the  ■!.«- 
troscope.  This  view  has  an  important  bearing  upon  the  qi 
tions  relating  to  the  low  albedo  of  the  planet,  and  the  w< 
known  brightness  of  its  limb,  in  both  of  which  respects  the  plana 
resembles  our  Moon. 

MuL'NT  Uauii-ton,  1894,  August  14. 
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B.  HAB8BL8BKU. 


I'niler  the  above  tiilc  Herr  Eisis  has  recently  pubhshtti  in 
.\nnnkn  the  results  of  his  researches  on  the  »ubject  to  whtcb 
crencc  is  made.  The  object  of  the  rmcarchcs  was  to  photograph 
all  the  lines  of  pure  oxygen,  and  to  deienuine  their  ivuvclengths 
with  the  greatest  possible  provision,  without  reference  to  carhi 
results.  To  attain  this  end,  the  rari6cd  gas  wa»  encloMxl  tn 
•ler  tulws,  its  spcclrimi  was  photographed  on  plates  50  cm.  U 
with  the  aid  of  the  lyrge  Rowland  concave  grating  of  Mi 
Kayser  and  Kungc,  and  by  measurement  with  a  dividinf;  engine 
the  lines  were  referred  to  the  lines  of  an  iron  s|KCtrunt  photo- 
graphed on  tlic  same  plate.    The  wavc-lengtiu  obtained  wc 


'  TranKUtcd  from  the  Aao»ka  der  Phjnik  uad  Chcmk,  No.  8. 18M. 
stmct  at  the  oinm'ations  rrricwrtl  h^  PrnfeMor  Hatkclbcrx  i«  ipvai  ia 
out  AMD  ArrHu-Pllvucm,  June,  INU-l,  p.  505. 
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therefore  according  to  the  avsteni  of  Rowlfind,  which  Kayscr  and 
Runge  made  the  basis  of  their  detertniiintion  of  wavc-lcnfzths  in 
the  spectrum  of  iron.  Considering  Ihc  jErrcat  sharpness  which  is 
afforded  by  the  photographic  method,  pnrticttlarly  with  the  aid 
of  Rowland's  gratings,  one  would  have  good  reason  to  expect 
that  the  wave-lengths  of  the  lines  of  the  gas  would  I>e  obtained 
with  an  exactness  nearly  equal  to  that  of  the  rociallic  lines  pho. 
graphed  with  the  same  apparatus.  This,  however,  seems  to  be  by 
no  means  the  case;  for  the  aathor  himself  states  that,  although 
the  measurements  were  made  to  hundredths  of  a  tenth-meter,  the 
results  for  different  plates  sometimes  varied  by  ns  much  as  0.3 
tenth-meter.  As  the  author  points  out,  the  eansc  of  this  is  to  he 
sought  in  displacements,  or  changes  of  tcnipcraturc  of  the  appa- 
ratus during  the  long  exposure  of  from  two  to  four  hours ;  and 
one  can  only  agree  wiih  him  when  he  roun<ls  off  the  defini- 
tive means  to  the  nrnrest  tenth  of  a  tenth-meter,  and  estimates 
the  possible  uncertainty  at  from  one  to  two  tenths.  ' 

Under  these  circumstances  the  question  may  well  be  raised, 
whether  our  knowledge  of  this  spe-Jtrum  has  really  been  jipprc- 
ciftbly  widened  by  the  investigation  referred  to.  I  Iwlicvc  that  it 
baa  not.  It  is  true  thnt  the  determinations  of  the  author,  as 
compotrd  with  those  of  Schuster.  Ifeslnndres.  Hartley  and  Adc- 
ncy,  must  be  allowed  to  have  a  certain  su(>criorily  with  respect 
to  completeness,  and  perhaps  also  to  accuracy,  but  they  arc 
hardly  sujierior  to  those  tif  Trowbridge  and  Hutchitts,  which 
were  carried  out  with  the  nnmc  means,  but  accoiding  to  n 
method  less  liable  to  systematic  errors.  The  researches  last 
mentione<l,  although  not  enilrely  free  from  objection  in  certain 
details,  are  in  the  main  to  be  regarded  ns  (juite  satisfactory. 

Besides  the  investigations  mcntion«I  above,  are  some  others,* 
unknown  to  the  author,  which  were  made  in  the  physical  insti- 
tutc  of  this  place  in  1891,  and  in  which,  with  far  simpler  means, 
a  degree  of  accurocj*  was  reached  at  least  equal  to  that  of  the 
results  under  consideration.  This  investigation,  the  principal  ob- 
ject of  which  was  to  separate  the  lines  of  nitrogen  as  complctclj* 
as  possible  from  those  of  oxygen  in  the  spectium  of  air,  was  car- 
ried out  with  the  aid  of  a  spectrograph  constructed  of  two 
large  Steinheil  pri«m5  of  flint  glass  and  a  pair  of  telesco|)C8,  of 
which  the  one  ser\Hng  as  camera  had  a  focal  length  of  fourfttt. 
With  the  nifl  of  this  apparatus  the  s|K:ctrum  was  photographed 
with  thai  of  the  Sun  on  plates  whose  dimensions  were  7.5  by  3.5 
centimrtcrs.    The  wave-lengths  were  dctsrinined  without  micro- 

H  ^Ncorio».  Itihang  tit  K.  Svfmka  Vet.  Akm^t.  HamiUngnr.  Bd.  17.  Afd.  I.  Sr.  H- 
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metric  irif.Tsurcmfnt,  hy  comparison  with  Rnwlnncrs  map.     Cnn* 
panriR-  ihe  results  of  Nt-Liviiis  with  thtist  o!'  the  (tuthor,  nrr  liaTe 
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TIk'   wavt-li'ii;^  ill-   l:i\lii   .'ilnivi.'    )]\-   llu'   1111  ;i  1-   ot    i '.\  . .   >,;i- 
(IfU'i'MiiiiM  In  Ills,    iikmIl-    ri.>pi.\'Li  \'f]\'    Willi    i'w):[kt    ;(Ih]    :' !  11  in  i :  ;■  ■  ■■ 
i.'lii't  M  II  lis.     Ill  i^iiiiTi'iI,  llu'  ]  iiol  inlik'  iiti  n"  '>!  .\i.'')\  ids'  t-c~uU>  n  ,  •■ 
1k'  v'sliiii.'il  1,(1   ,'ii  .-i!i<  ml    1-  n  ]    unl  h-iiuici".  ;ir,il    llic  .u  ^iiraL  \    11,  ■■\ 
1  n,-  1  i'L::n  iK-'l  ,'is  I  lie  s::  nif  m  1  k  1I.I1  lasi's. 

1 1  111  iw  I  ill'  t  w  1 1  coliiiiiiis  Mil'  1.1  ini|t,'i  led,  il  will  l>f  Ml- 11  fKi '.  t -.1 
\",'iliK-s  ill  I ;  1-1 '4  ,iri'  ,-iliiH  isL  111  \":ii  i.'ilil  \'  .■(  lit  til'  i^ri'.'iUT  ill;  Ml  I  li'  ■-'.■  ■'' 
N\'(>\ius. — oil  till.'  ;i\i.r.'iL:i.'  I)v  ;ili(iul  11. U  iciitli-iiKlcr, — ;iiui  ;iimi 
lli;il  Ur' <litk'n.iRi.'s  iiKTcrisv  with  the  wnvf-lciijjth,  Lfavinjj  out 
of  Liiii-iiU'i .'( tioii  iliis  --\  stfin.'ilic  diniiencc,  which  iindtT  the  cir- 
(.■iiiiist.'iTift's  is  ol  co!ii[).ir;iti\i.-ly  siiu'ill  iiiiporlaiift.',  wf  niav  rt-j;ani 
ihi'  .'iL^rn  itifiii  ,'is  (|iiiif  s.'i  lisiacloiv.  niiil  consiiltr  the  two  col- 
iiinns  lo  111-  III  i.<|n.-il  wtiLiht,  'I"ht-  sirifs  ol  NL-ovius  is  liowi'Vt-r. 
r-.--ill\  soiiK-w  h.-ii  Uii-niori.'  i.iiiii|ilfii',  [ivoviilfd  tliat  si.'\fr;il  weak 
inii's,  iioi  Liiveii  111  llu,'  i.'ilili-,  liclorm  wiliioul  dmilil  It)  n.\vj,:cii 


From  tbo  nbove  comparison  it  seems  to  mc  tliitt  the  work  of 
tilt:  author  has  not  added  mucli  to  uiir  knowlt-df^  of  the  siihjtKt, 
anicss  it  be  the  experience  that  for  the  iovestigiition  of  fnint  spec. 
tra,  such  n%  those  of  the  gnscs.  the  large  grating  S[>cctri>sco]«;  hna 
no  appreciable  advantage  ovxr  simpler  npparntus. 


ON  THE  ASTIGMATISM   OF  ROWLAND'S  CONCAVB  ORATIN08. 


UR.  I.  L,  «tKK8,  OvoxiKOBV. 


I 


In  a  welUknown  paper  of  Mr.  J.  5-  Ames,  On  Concave  Gratings 
for  Optical  Purposes*,  the  foUovvinji^  passage  occurs.  "Owing  to 
"  the  astij^matisni  of  the  grating;,  it  is  not  possible  to  adopt  the 
**  nsant  method  of  illuminntiug  part  of  the  slit  with  the  solar  im- 
"age  and  part  with  the  spark  or  arc;  and  so  a  difliercnt  and  far 
"better  ])lan  is  adoptcil.  A  compound  photograph  of  the  two 
"spectra  is  taken  in  the  following  manner." 

Yet  ibis  new  plan,  devised  and  executed  by  Professor  Rowland 
with  bis  wonted  success,  is  onh'  applicable  by  means  of  photog- 
raphy, as  the  photographs  of  the  dtlTercnt  spectra  must  l>e  taken 

e  after  another;  and  if  ibe  precile<l  slatcment, — which,  so  far 
A  I  see,  neither  Mr,  Ames  nnr  Professor  Howlaud,  at  whose  re- 
quest he  wrote,  has  recalled  or  nmdified— were  to  be  accepted  in 
its  apparent  purport,  the  beautiful  iiisirnment  with  which  Mr. 
Rowland  has  endowed  the  sjjectroscopist  would  Ik:  un6t  for  the 
direct  comparison  of  spectra  from  different  sources  by  ocular  ob- 
servation, that  was  aUvays  regarded  as  a  precious  function  uf 
the  tliopiric  spectroscope. 

Fortunately  howerer,  though  in  the  literal  acceptation  of  the 
words  it  is  useless  to  iltinnitiate  pnrt  of  the  slit  with  one  source 
of  light  anJ  pnrl  with  anotiicr,  it  is  certainly  possible  to  insti- 
tute the  intended  comparison,  at  lca-4t  with  the  firit  and  second 
spectra,  by  a  slight  nto<Itfication  of  the  common  method i  the 
prisnm  or  other  c(piivalcnt  contrivances  that  arc  generally  used 
to  introduce  lateral  beams  of  light,  need  only  be  placed  not 
agninst  the  slit,  in  A  ( Pig.  3 ),  hut  at  a  distance  p  sec  y  —  p  cos  y 
from  the  slit,  q  sec  *"  from  the  grating,  viz.,  at  a  point  Q.  being  the 
intersection  of  BA  and  the  tangent  in  the  focus  C. 

Tn  order  to  demonstrate  the  tnitli  of  this  assertion  let  us  con- 
sider the  pencil  of  monochromatic  rays  that  will,  after  the  rellec- 

"  Piul  Mfifi.  XXVII,  p.  3S1,  1B811;  cf.  A»Tit.  axii  AlTRO.rtt.  IfiflZ.  p.  30. 
Verlmad  Koa.  Akati,  r,  H'ctcnscA.  (Ar  SrcCie).  D1.  II. 


lion  at  the  grating,  concur  iti  the  focus  nt  C.  It  may  be  dirWcd 
into  what  I  may  Ik  iilloweO  to  call  vciiic.ij  "frtiis"  <»f  ray*,  each 
of  them  being  limtlcd  by  twu  vertical  pMnc»  passiiiR  tbrou);b  tlic 
slit  and  including  an  inliniicsiitiatly  nnrrow  strip  of  ti)>    '  >^. 

Now  a!I  the  rays  contained  in  such  a  "fan",  in  order  to  '.  ;il 

C  without  any  ditfcrenceof  path,  must  iBsuefrom  an  apex  flicuated 
in  the  line  CQ,  being  the  axis  of  the  splicrlcal  t^nrfacc,  part  of 
whose  equatorial  region  is  occupied  by  the  grating. 

On  the  other  hand  the  horizontal  fnns  of  rays  into  wbkb  the 
l>encil  may  be  dividcil.  by  theory  of  diffraction  have  their  apkct 
in  the  sht.  So  ail  itic  rays  that  concur  ;it  C  inu^t  have  ]>as5C(l 
successively  through  two  caustics:  the  one  realized  by  tlic  »Ul, 
the  other  niily  virtual,  lyinfj  along  the  line  GH,  where  it  niny 
be  realized  by  another  slit,  il*  the  ^iourcc  of  tight  tie  placcil  at  a  suf- 
ficient distance.  It  will  be  easily  seen  that  the  length  of  the  Ami 
cnuBtic,  the  available  par^  of  the  slit,  is  It  X  Q\  /  QB  —  b  sin'  ». 
that  (tf  the  wcontl  CAl  =  a  X  Q\  BA  =  »  tg'  y.  a  and  li  being 
the  horizontal  and  verticol  dimensions  of  the  f;rating. 

The  existt'nce  of  the  second  caustic,  that  is  of  great  importance 
for  the  complete  theory  of  the  instrument,  may  be  very  dimply 
demonstrntc<1  mi  ik-uIos  by  stretching  n  thin  wire  in  Q  along  GH 
across  an  incident  beam  of  sunlipht:  the  result  is  a  fKrfcctly  a'e 
fined  narrow  black  band  passing  horizontally  across  the  t'icid  of 
the  eyepiece.  Any  other  horizontal  strip  of  the  field  has  its  own 
conjugate  horizontnl  strip,  of  a  somewhat  greater  width,  in  the 
pTOp4irtion  p  sec  f  p,  a  little  above  or  below  H'ln  a  vertical  plane 
passing  through  GH.  Yet  every  single  point  in  the  fitrip  nf  the 
field,  belonging  to  one  single  A,  derives  from  the  c<»njiigalc  h<tri- 
zontal  canstic  (JH  in  if*  full  length;  cnnvenwiy  every  (H»i'it  of  p 
horizontal  slit  above  or  below  GH  has  it«  horizontal  /m^Arimase 
in  the  fiehl  depicted  by  rays  of  flificrent  X's. 

If  the  horizontnl  band,  seen  in  the  field,  is  required  to  have  a 
width  h,  the  horizontal  sltt  in  GH  mukt  t»e  rcp1nce<1  by  it  rectan- 
gular diaphragm  height  h  X  QEl  BC  =  h  see  •'.  length  as  before 
GH  =  fltg'i'.  At  the  same  time  the  vertical  *\xK  ought  lo  l»c 
lengthened  by  the  quantity  iicos  v,  until  it  giTRt  passage  to  at] 
the  rays  isMiing  from  the  diaphragm  that  can  reach  (h*  ■■! , 

so  the  full  length  becomes  b  co»  '-  +  i)  ^in*  »-.    All  the  ^■'^ 

arc  obstructed  by  the  diaphrngm.  if  admitted  would  only  tettd  Co 
increase  the  disadvantageous  illumination  of  the  field  by  scattcm) 
light 

Any  incident  ray  passing  through  tlic  diaphragm  orrr  <aiidcr) 
the  line  CQ  ond  through  the  slit  will  come  at  a  focus  in  tbc  /awrr 
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(upper)  liiiir  of  the  ficltJ.    A  nliort  but  ralhcr  !■        '      '      .    ~ 
mm.  ia  height,  phiccd  at  y  and  rcfUtting  later  i  .^    i 

give  a  itBiruw  KuItirK|Jcctrutu  withpcrfcctir  deriut'tl  cd};c«,paMtni 
through  the  center  of  thvtielil;  (tt  the  snine  time  it  willi'i 
none  of  such  ru^s,  einnnutiti};  iVuni  n  sotlium  tlunic  ur  ni' 
plnced  somewhere  iibout  T,  us  mny  concur  iu  furmmg  a  sodium*^ 
ur  lurtul'iipi-cLruiii  in  the  reiiiiiltiiiit;  part  of  the  field.     Of  <-■ 
wc  w\*\\  to  net  the  nictrd-sptxtnini  its-  bright  ;is  pog*ilik,  tn 
of  light  luriiished  by  the  C(>ndcu«ing  lens  S  must  Ik  wide  enuughj 
to  fill  up  the  wedj^e  fonned  by  tberectnii^Iardinphmf^  and  tbc 
tiiit. 

With  the  third  and  ulterior  s|jcctra  nnd  with  a  very  Inr^gcjfnit- 
iug  thccondensiiif^  lens  shuuM  lie  of  rather  ^rcnt  dttneoRiuns.  50  I' 
think  the  niethod  will  only  Ijc  quite  applicable  with  the  tirvt  and 
second  tipvctru.    I  may  add  that  probably  the  very  be9t  plaa 
would   lie  to  hnvc  n  bieylindricnl  lens,  or  two  cylindrical  lenses 
put  trosHwise.  of  such  n  curvature  that  both  its  orthogonal  cutt»>, 
tics  mi^ht  coincide  with  the  above  named  caustics  of  the  gmttag;] 
but  every  diflVrfut  jinjjle  »'  nr  at  least  every  successive  spectmm' 
would  re(|uirc  its  cspetrtal  lens. 

Tlirougb  the  kind  {Kmiission  and  cflicacious  assistance  of  Fn>-| 
lessor  Hni^n    I  have  been  able  to  control  the  above  hy  a  pmri- 
«ional  experiment.    A  narrow  central  band  of  the  field  on  a  hlnck 
ground  showed  the  first  sodium-spcctnim  originntinjc  from  a 
strip  of  mirror-Klnss,  height  2. n  mm.,  placed  along  the  '■  at 

Q,  at  171  mm.  from  the  slit,  and  upon  which  the  li^^ht  <<  <  ml 

Dun»en-6ame  was  concentratctl*  thnnigh  a  lcn«.  /"=:  150  mm. 
The  strip  of  glnss  just  arrested  the  superflurm!*  ceatral  part  of  a' 
direct  beam  of  sunlijiht  that  tilled  nut  the  upiKrr  nnd  lower  |jart»j 
of  the  field  with  its  spectrum.    The  sunlight  hart  to  be  pnMcd 
through  several  layers  of  vvir<*-gnnze  in  order- to  bring  ilown  it» 
intensity  to  that  ttf  the  reflected  «)odium  lig'hl.    Now  in  the  irom-j 
pound  spectrum  the  two  positive  sodium-lines  ended  abraptlyj 
where  the  negntive  sodium-lines  began;  yet  two  veni-  narrow 
slmrp  black  Hnoi,  about  0.1  mm.  wide,  separated  the  three  con-i 
tiguous  spectral  bands:  this  was  occasioned  by  the  strip  or  elau 
having  !>een  simply  cut  with  a  diamnnti  without  any  1'  ■ 
grinding  or  polishing ;  so  the  somewhat  rugged  edges,  wlii 
were  unable  to  take  part  in  the  reflection  of  thesodium-damc  oolj 
acted  as  a  barrier  against  the  sunlight  grazing  them. 


Tn  order  to  try  to  what  limit,  if  need  tjc,  the  method  can  be  ap- 
plied, we  turned  the  moveable  girder  of  the  apectroscoiw  on  loi 
the  last  or  fourth  si)ectrum  with  »-  =  68°.  sin  »*  =  0.92S.    A  knit- 
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ting  needle  held  in  the  horizontal  cnustic,  that  now  laj'at  714-  cm. 
from  the  slit,  was  accurately  i-e|)resented  by  a  narrow  black  line 
across  the  solar  spectrum.  This  proves  that  the  definition  in  the 
images  of  horizontal  lines,  ])roduced  by  the  vertical  fans  holds 
good  even  at  this  great  angle  of  incidence. 

I  still  may  remark  that  the  whole  action  of  the  hollow  grating, 
with  a  radius  /J,  may  for  these  fans  be  regarded  as  the  result  of 
three  successive  operations  :  one  being  that  of  a  first  concave  mir- 
ror, with  a  radius  2/j,  but  reduced  by  astigmatism  to  a  radius 
2/3  sec  I',  that  brings  the  incident  rays  to  parallelism ;  tlie  second 
that  of  a  plane  grating,  which  occasions  the  diffraction  at  an 
angles;  the  third  that  of  another  concave  mirror  2fJ,  which 
makes  the  diffracted  parallel  rays  converge  into  a  focus.  The 
distances  and  dimensions  of  two  conjugate  images  may  be  simply 
calculated  by  the  formula  for  one  mirror  with  /"=  p/{l  +  cos  k), 
as  may  be  proved  in  the  following  manner. 

Let  BK  (Fig.  2)  be  part  of  a  very  narrow  vertical  strip,  and  B 
the  center  of  the  mirror,  C  the  center  of  curvature;  D  and  E  two 
conjugate  foci  determined  bj'  their  height  z,  =  DM,  z^  =  EI.  over 
the  horizontal  plane  LBM,  by  BM  =  R,  BL  =  r  and  angle 
MBL  =^  y;   p  being  the  radius  BC  of  the  sphere,  Kl  =  /. 

Now  with  a  sufficient  degree  of  approximation  we  successivelv 
find 

'2,j  2/> 

KI>^  =  I\P  +  (/-z,)'  =  R^-— -^^^^  +  (/  — zi)' 


consequently 


KD  -  R  -   — -  +  —      ,^^-       , 


KE  =  r-#+^-2^  +  ^^^ 


2p  2r 

P'or  the  point  B,  /=  0,  we  have 

—  BD  =  -R 

-BE  =  —  r 


/'I 
2R' 

2r" 


Hence  by  addition  we  find  for  the  difference  ^  of  the  two  paths 
DKE  —  DBE 


J  = 


'\  2p         ^2R^2r^       '\^^  rY 


On  the  Exterior  Nebulosities  of  the  Pleiades. 


Now  if  indeetl  D  nnd  B  he  confdgnte  (ncy.  JS  must   I'anUh    fori 
every  value  of  /,  and  both  the  fiictors  includwl  in  brflcket»  mn»t 
be  =  0.    So  the  first  factor  given  for  the  relation  of  the  distances 

JL 

R 


,    I  _  1  +  cog  y 
r  ~         fi 


a«  with  a  tniiTMrnf/i  (1  +  cos  *')  focus;  the  second  mako 

so  ihni  the  heights iif  the  imngrs  :irc proportional  to  thediHtnncr* 
as  in  cummon  optics. 

I  think  I  have  shown  thiit  the  asttginntismnf  ihrgniting,  while 
securing  to  the  instmmcnt  some  prccitns  qualities,  is  no  impedi- 
ment aguitista  method  of  observation  that  sccmn  to  be  rrpntefl 
incotnpaiible  with  astigmatism.  On  the  other  liand  the  valued 
cpiality  of  the  concave  grating,  that  it  shows  nn  dust-Hne«.  nnd 
that  the  image  of  a  star  or  a  spark  on  the  slit  is  broadened  out 
into  a  band,  may  he  imparled  to  a  dioptk*  «ii>«'tro'*c(»|je  by  giWnie 
n  slight  convex  spherical  ciir^'iitnrc  to  one  side  of  one  of  the 
prisms,  so  that  the  instrument  becomes  slightly  a«iigRintic. 
Dec.  28th.  1893. 


ON   THE  EXTERIOR  NEBULOSITIES  OB  THE  PLEIADCS 
B.  £.  BARNAttU. 


For  many  years  during  my  comet  seeking  I  have  known 
iwst  and  extensive  but  very  difluscd  nebtitoi<ity  north  of 
rteiadcs.  Other  masses  of  this  disused  matter  make  tbcir  pres- 
ene-e  kttown  by  a  general  dullmg  of  the  field  when  sweeping  in  the 
region  of  the  cluster. 

As  is  well  known  the  immediate  group  of  the  I'Iciades  is  fill«) 
with  nebulosity  which  in  general  attaches  it*telf  to  the  rartom 
stani  and  is  of  a  wispy  and  streaky  nature.  This  is  well  ahowu 
OD  the  photographs  made  by  the  Henr>*  nrothers,  by  Kobcrta, 
Wilson  and  others.  In  these  pictures,  however,  the  nelmlosity 
seems  limited  to  n  small  area  included  in  the  cluster  itself.  The 
principal  and  best  known  of  these  nebulosities  is  Ibc  one  dtscor- 
ercd  by  Temjiel  in  IKiiO  and  which  enx-elnpes  Merojte  nnd  extmd» 
southwesterly  from  that  star.  The  other  nebulosities  hnvc  rt- 
veakd  themselves  through  the  aid  of  photography  in  ibe  past  ten 
years. 
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This  cluster  and  its  nebulosities  Iiflvc  been  more  thoroughly 
ttidicd  visdally  nnd  photoffrnphicnlly  than  any  otiier  group  of 
tars  in  the  sky.    Consequently  anything  new  about  it  is  of  tlie 
highest  interest. 

It  has  been  my  hope  during  the  past  two  or  thrt-c  years  to 
some  time  be  able  to  secure  a  photojrraphic  impresgion  of  these 
vague  nebulosities  that  I  had  seen  in  the  telescope.  It  was  evi- 
dent this  would  require  a  long  exposure.  The  mounting  of  our 
Willard  lens  does  not  permitian  exposure  to  be  carried  beyond  the 
meridian.  To  get  stifficient  time  would  therefore  require  more 
than  one  night. 

This  past  winter  I  have  been  able  by  careftilly  Inclosing  the 
camera  box  in  thick  black  cloth  and  by  taking  other  precautions* 
to  extend  the  exposure  through  two  nights  with  success. 

Pre\-iouB  to  this  I  gave  an  exposure  on  the  I'leiiides  of  four 
hours,  which  showed  all  the  well  known  nebulosities,  and  gave 
faint  suggestions  of  more  distant  wisps  of  nebula?. 

December  6, 1893,  an  exposure  was  begun  wliich  was  continued 
for  five  hours.  The  lens  was  then  carefully  covered  without  dis- 
turbing the  plate.  The  next  night  was  cloudy  but  on  December  8 
the  exposure  was  continued  for  five  hours  and  fifteen  minutes- 
making  thus  a  total  of  lO**  IS^. 

The  resulting  picture  confirmed  the  first  photograph  and 
showed  a  number  of  singular  curved  and  streaky  nebulosities  ap- 
parently connected  with  the  Pleiades  and  extending  all  about  the 
group. 

Some  of  these  streams  extend  irregularly  for  several  degrees 
each  side  of  the  cluster— csfiecia I ly  towards  the  east. 

To  give  an  idea  of  the  affected  regions,  I  have  made  the  inclosed 
drawing  from  the  photograph  which  will  explain  itself.  On  this 
I  have  drawn  a  circle  about  the  Pleiades  inside  of  which  all  the 
nebulosity  shown  in  previous  photographs  has  l>ccn  confined. 

1  have  not  attempted  to  (sketch  the  nebulosities  connected  im- 
mediately with  the  stars  of  the  cluster,  and  shown  on  the  ]>hoto- 
graph,  for  these  arc  already  well  known  to  everybody. 

For  the  more  ready  location  of  these  outer  nebulosities  1  have, 
very  roughly,  put  a  set  of  coordinates  around  the  edge  of  tlie 
drawing. 

To  the  north  of  the  Pleiades,  from  «  =  S*-  20"  to  4  hour*  and 
beyond,  and  from  *  =  +  30*  to  several  degrees  further  north,  is  a 
region  singularly  devoid  of  small  stars  hut  covered  with  large 
masses  of  very  diffuse  nebulosity ;  this  part  of  the  sky  will  attract 
the  attention  of  any  one  in  sweeping  over  it  with  a  very  low 


Astro-Phjsical  Notes. 


power  on  an  ordinary  telescope.    The  field  is  rfiilt  with  fc< ' 
ulosity.    This  region  18  partly  shown  on  the  nonhcm  pan  <..-  i 
plate  and  the  nebulosity  is  evident.    This  is  about  aud  west 
the  stars  '  and  f>  Tcrsei. 

l»uring  the  coming  wiolcr  I  hope  to  be  able  to  further  extent 
the  exposure  time  for  the  delineation  of  other  and  fainter  Dcba< 
lositiea,  in  the  region  of  the  I'lcia<)cs,  that  are  too  vaguely  Ahowttj 
on  the  present  ptate  to  nmkc  much  out  of.—Astrotiomiscbe  Sacb' 
ricbtea.  No.  3253. 

Mount  HAiiiLTON,  1S9+.  July  25. 


ASTRO-PHYSICAL  NOTSS. 


All  tirticlcs  nni)  corrc»iK>ntlniL-c  iclnting  lo  ■■]m-lruM:a|)jr  nni]  otlwr  •uUhvU^ 
jiruperly  included  Iii  AsTiiu-l'avsic»,  stiuutd  br  addressed  tu  Geotse  B.  Hale,  Kcs- ' 
wood  ObKi-ratory  of  th«  t'nivcrwtj  ofClilcogo,  Chkngo,  V.  S.  A.    Autlwn  of 
])npm  nic  tcftiirfitcd  tn  Kfrr  to  Inut  \>tigf  tat  informnilon  In  rr^nl  Ut  Itlll 1 1 
tioiiR,  trpriiit  c(i|)ics,  rtc. 


A  Luge  Ttle*COp«  tor  tlie  C«pe  ObMrrAtwy.— Wc  Itarn  fmto  tbr  OcCnlicv  Ok , 
strratory  llmt  Mr.  Prank  McClrnii  lion  aficrni  tu  |imnit  la  the  Rujrnl  Ol>acrT»-| 
tory  of  ihc  Cnpv  uf  Good  FIupv  a  taiuc  ir>|»a1oriat  (rtr  |tbuU)|;rupIiK  oimI  9(rer>f 
troMOpic  Wftrfc.  The  pholoffrnpliic  ohjcvlive  will  hoire  tin  Mperlure  «--f  Ji] 
incite*,  and  nn  olmvtivr  )inftiri  of  7*^°  rH'rnctiiiK  aiiftV  and  24-  iocbrs  ■perttiK  i 
to  be  (irnvidrH.  The  vwiinl  irlcMOtK  wliirh  is  to  br  monnted  wUli  the  photo-l 
|(m})))K  iiislrmueiil.  will  lie  of  IN  irielira  niKrtotv.  A  alit  Mpivtt'iMv^Jv  b  nlMUnf 
be  proridetl,  for  work  on  the  rndini  moLiou  of  stars.  Tbc  conatrnctioD  of  the  in 
strument  in  alrmdy  well  under  way  in  the  worksluj|w  of  Sir  Howard  GrultK. 

Ttie  iiuportauiir  uf  thiaaplcndid  ^in  isj^rviilly  iiirrcDard  by  titc  fikt;t  that  a  m' 
intended  for  uw  to  the  Miutberu  licmU]ilwtv,  where  tite  n{>|H>rt  nni  ties  Im 
oatro-pbyvical  rrsmr^-h  are  i»nicticn»y  unlimited.  Of  Mr.  McClenp'a  exceflem 
■pectroKopiv  work  nt  Tunbrid^e  ^Vell5  we  have  frefiueiiilt  lud  oMavton  to  fficak 
tn  lliifi  ftitimal.  He  ie  to  Ik  eonj^nlulntcd  for  Ilia  bronil'Ritnileil  uencniailf  and 
Ktcntilic  tliikiiminaltoi)  in  innkitig  Itiis  muniliccnt  gii\. 


ClincivB 

■      "    '"  IB*.  ^^ 


Profaaor  Hirtlay'i  ObMrrtttoo  of  the  C  Lint  of  BydroKii  la  Um 
Flam*  — Mnny  ntiempts  bnre  lirun  mode  to  iiioftixv  the  spvv-lriiin  nl  bTdfOKm  bffl 
muiii*  Other  tliiin  elcctrk'Al,  tnil  if  a  tinitic  obKrvntioii  ty  Watt>  ul  the  C  I 
n  Deisenier  flame  Ik  excepted,  no  crrtntn  proof  b  ofiered  llint  aneeew  has  t. 
tained.    ['rofcaikaf  W.  N.  Hartley  Iina  liccn  engajgefl  fur  •note  time  (]]» 
tire  itudy  of  flame  apcctra  at  high  tern |iera turn,  nni)  aevcr-il  |u|kt-  ■  itli 

thwc  invoiiitationt   linvc  npjiearcd  in  the  PhUoKai'liiiiil  TraunKtiuut 
PrtMXtditigB  of  I  Ik  Royal  StKiety.    The  laM   number  of  the  Proatdii - 
LVl.  No.  3.17)  contain!  an  mtemtinK  pnptr  on  ttie  Aiwvtrnm  of  the   I 
Home.    About  ninety  spretrn  were  |jhotn)>riiphctl;  the  rrx>on  studied  > 
from  li  7ilU7  to  abont  i  3!tM).H.    The  Inurt  refrangible  line   photo||raphr4  wa« 
that  of  lithinm  at  i  RIOT.    About  ninety-two  line*  were  identified  with  Ksti  in 
the  flolnr  ipcctmin,  with  Kne*  id  Knyter  and  Rnnjte'i  pbolographir  nsptrf 


iran  tpcvtram,  and  witli  linca  in  the  nxy hydro j;en  flume  8|)cctrii  of  sicci  and 
fervk  oxide,  la  tbe  Same  iH&mtur  fruin  ibc  moutb  ot  tlK  converter  durins  ihc  Rnt 
penod  uf  the  "  blow  "  the  linn  of  ilic  nlknlj  metalit  MiriKtm.  pntassiuni  and  Htb- 
luni  were  aem  tinreveracd  on  a  bright  cantinunud  s|>rctnim  caused  by  cnrUori 
monoxide.  "The  C  line  oC  bydfofjcn  and  apimrcntly  the  F  Ituc  were  •ceti 
pcveracd  during  a  mow  atunn-"  Ni>  Hjicciiil  alteution  sftpean  to  hove  been  f{i\-cn 
lo  this  obM-rvation,  Imt  there  iteemK  tn  lie  nn  Hciutit  in  the  mind  of  tlie  author 
thi)t  the  C  tine  vtan  nciuntly  seen.  The  paper  i»  uof'ortutiately  an  abstract,  and 
the  di5(»crfiiun  employed  is  not  BtatctI,  thott^b  the  contest  seems  to  indicate  thnl 
it  yvai  high  enough  tn  leave  little  dnubt,  if  tbe  idcntiftcatton  was  carcfnily  made. 
It  thus  n|ipcars  Ihnc  \Vutt»'  obBCrrntion,  whKh  nns  lunde  in  ratny  u-eather.  ts 
eonfirmnl.  If  this  i*  tbe  case  a  i-eault  of  Mime  importance  in  astro- pbytiie«  haw 
been  ohlaincd.  It  was  oii«  swpi"*"'''  that  titc  H  and  K  lines  of  calcium  conkl  V»e 
|>n>di»ccd  only  by  electrical  menus,  but  ihcy  were  finnlty  dUcorcred  in  llie  Unme  oi 
Immin;;  ma>;nrsinni  rilibnn  which  rontninctl  caleinni  nsnn  impurity.  In  the  ease 
uf  hydruiiTT)  it  has  Iwx'ii  nri^ucd  that  subir  |inimtiictiee9  tire  elect riciil  plienumctiu, 
because  lltey  »hnw  the  lines  of  this  gas,  whieb  are  obtained  in  the  labitrntory  only 
by  electrical  ntcnns.  If  I'rofc^^or  Hartley's  observation  ia  sulistnntialed  ihi«  ar- 
mast  bit  tt>  ibe  grouml.  Whether  the  chemical  action  involved  ia  tlie 
rase  is  ncenif>afir  to  the  production  nf  the  bydrotreu  liiic»  >^  a  Hrpnrnte 
queation.  about  wliirh  there  will  be  fflu<-h  iliflenrure  of  oplnfou. 


tHAt  00  the  Spectrum  of  Mars.— Hrore«aoi-  Camplicll  !n  Ida  iwipcr  nn  tbe  SiieC' 
tnim  nt  Mar»  (I'nbl,  A,  S.  ul  the  Pacific.  Vid.  VI  p.  2281'  in  apeaking  of  the  early 
observations  of  myself  ;iiiil  others,  says:^ 

"It  is  verr  imiKiTlnnt.  a*  Janscen  frinnled  rmt  in  1S(>T.  that  we  climiniiie  aa 
"far as  possible  theeriret  nfoi]ucotrfivn|mar  inonrownBtinoi>pberc.  Tlieabscrvers 
"do  not  srem  to  have  (akea  this  factor  into  Nct'ount  (rscept  Janaseu.  thefhtalla 
"of  whose  observations  apjxur  tn  be  unpublished.)" 

S<i  far  is  this  otutemniL  Irom  licing  efirrcet  that  tbe  metJtu«l  of  climinatine  tbe 
cRVct  of  our  atmusplKTe  by  obseevaitntis  of  the  Mimmi  lI  the  same  time  was  Ibnt 
uriKinally  enipl»ye(l  by  me  in  IH67.  In  ^jienhiiiu  nf  faint  line»  ween  on  iwib  »i Je» 
ot  n.  and  which  apjie.ired  to  indicate  tcrtestrinl  nn^a  or  vaiwurs  in  iIh'  atmo- 
spbereof  Mars.  I  say  cxpres«ly:— 

"Thai  tl»i-»c  Imes  wcie  not  profhicrd  by  Ihc  purtitm  id  llie  Bnrth'sotini»spherc 
"thrnugh  which  the  li;;ht  of  Mars  had  pa««rd.  was  •hnwii  by  the  absence  of  sim*- 
"lar  lines  in  the  «]icetnnn  nf  the  Moon  whidi  at  the  time  of  observation  had  a 
"smaller  altitude  thnn  linn."~iM.  N.  Roy.  Ast.  So,,  Vol.  XXVII  p.  178.) 

In  tM  1 1)  I  took  photographs  of  tbe  spectra  of  Mara  anil  some  other  planets  in 
the  tu<ili;:ht.  siinnltniicoiisly  with  spcetm  of  the  light  from  the  sky  immeiliately 
nbont  tlie  pluneUi.  In  these  spectra  cxIcndinH  from  6  to  S  in  the  uUra-vioIct.  oo 
lines,  iir  moilificatioRs  of  the  sprcimm  apfienr,  which  are  jiceuliar  to  the  planet'* 
spectrum. 

The  ap)>aratue  neeeswirily  employed  by  nie  at  tbe  early  "late  of  18C2-7  was 
Tcry  imiierlert  a.^eompnrrd  with  the  instruments  now  in  use.  Inil  I  hare  no  rea- 
son to  doubt  the  substantial  acearnry  ol  the  oharrvatlons  which  were  made  with 
mneh  care.  wiluau  iit-Gcini. 

L'pper  Talee  Hill.  October  6th.  1804. 

•  Seepage 


The  AdvaittJfe  of  tbe  Sliort-Focui  Camera  la  Spwtntra  P)iM»sTspli7  — Tbc 
note*  by  Dr.  IIiixj;in>  nnil  I'rofciiM'r  Cjim|>l*cll  <\»TttOKOMY  ami  A»rjr.t-Hiii«lCs 
No.  127,  p.  5CK,  nnd  No.  13ft,  p.  ttun),  on  the  atlvautns*  of  abart-focw 
camera  in  pbotograpliic  work  witli  the  ustrnnoniKnl  siievtrowofir,  weem  tn  lm«v 
some  pointo  not  quite  dear,  nnd  n  (tvr  riirtlicr  rommrnta  on  ihia  mbkvc  nar 
not  he  out  of  plove.  The  odvantnf:*  of  the  abort  <ntneni  in  orrllnarT  apectnua 
jibotogrnphy  ia  well  known  (it  b  stnlril  for  Incinocv  on  pufct  374  of  the  Sntytln- 
pedim  BrittABuka),  anti  it  applies  ei]uiillv  to  the  aprctruK-ope  uard  in  (^BncrtMtti 
with  ■  lelciico{)c  when  the  Mjurrr  of  Hjjht  is  »a  objci't  of  eoiMutrTsbtc  aniEnlnr 
ma^itoile.  1  do  not  we  that  the  nmditiona  on  which  it  ia  based  hoM  whm  the 
source  of  lij^ht  is  n  atnr.  The  photographed  s{i<ctnim  ratttt  Iimtc  •  nrtafai 
breftdtb.  which  is  ilelermincd  tiv  the  following  conndrrationa:  it  ma*!  «tibt«*d  a 
anffkient  nnglc  wlicn  •rcn  under  the  measuring  microscope,  which  tniuilly  baa^ 
B  power  of  from  ten  to  thirty  diametera,  and  it  must  be  to  tRr){v  that  Bvckknl 
combinations  of  silt-er  grains,  specks  of  dust,  or  bkmisbca  on  tbc  plate  majr  i 
be  mistaken  for  lines.  This  minimum  brendih  b,  aerordiof  Eo  mjr  cspericaoa«1 
about  one  qnnrter  or  one-tbird  of  a  mdlimctrr,  and  thr  experleiK-e  of  thr  Potadam 
obaerrcrs  Icat^a  them  to  the  Bamc  conclusion.  Aa  the  breadth  or  tbc  apectmm  » 
obtained  bj'  ultowinf;  ihc  slnr  to  truvrl  nlong  the  slit,  it  beiideni  that  if  tic 
cuinera  ia  sbortened  the  amount  of  drift  giren  to  the  sUir  mtut  be  pfopOTtia» 
nlljr  iDcreaaefl,  nnd  hence  the  exposure  must  be  longer.  The  aanw  law  does  BOt 
bold,  tbercfrrre,  ns  in  the  cnac  of  a  larjL:e  object,  wbrn  drift  tccomn  onnrti  laary. 

When  the  imnge  on  the  slit-plate  is  kei>t  slntionarjr,  ita  siae  deteminra  tfe 
bnrndth  of  the  9|iectruni.  Hence  the  short  ciiniera  might  be  ndraaLagroual/  naeit 
with  B  tariic  u-lrM>cpe.  nnd  not  iKrhnjw,  with  a  small  one  nn  tbe  aamv  object,  ll 
may  also  happen,  in  cases  where  cxnct  oicAsumnnit  of  the  photograjilM  w  ir- 
quirwjj  thnt  lite  grcnler  nnrrownesa  of  tbe  lines  on  the  aninllrr  imajpr  la  aot  i 
sulfident  cuntjicnHaliun  for  tiK  re<1uction  of  the  sralc.  We  tnav  ntr,  tbcrvfuec  ii 
stfcniB  to  me,  thnt  the  short  ciimera  mnr  l>e  iiaed  in  adynnlniit  wbm  tb«  ain  i:f 
tbe  in)ti}('  on  tlic  slit-plate,  a*  dctcnnittrd  by  the  site  oi  the  tele»en{«  and  tbc 
angular  megnitudc  uf  lite  objri-l.  or  tbc  gciicml  purpuftc  of  the  itivevti^Btioo,  al- 
towa  na  to  aacrifice  the  scnle  of  tbe  photograph*  for  the  sake  of  oStabuag 
intensity. 

Some  of  theae  |K>int«  wrrc  touched  u[«on  by  Profcaaor  Catnphrll  in  Wa  firal 
paper  on  the  vpcrtmm  tif  the  Orion  Nebula  (AtiTRoxnitv  AKb  AsTao-Paimc% 
Mny,  1tt9i),  I  desJfc  more  pArticutorly  to  csH  iittciiiii>n  to  tbe  (acts  that  tk 
case  of  n  stnr  is  diflerent  from  thnt  of  other  objects,  nnd  that  a  lat^  tdoBaia 
hns  a  errnt  advantage  over  a  sninll  one  in  the  nomhrf  of  CMM  to  whirh  the 
abort  cnmcra  It  applicable.  |.  c  BCKLsa. 


The  Disptrsioo  of  Flaortteand  of  Rock-Salt— In  •  •  •^•conhn 

on  llw  rndiatii'n  ol  heut  l>y  K'>^tc«>  f'r-  r'n^rheii  Una  m  i  iispmiua 

of  tltc  two  ■ubstaiK-e*  iticnliiincd  abu%-c.    TIic  tnuat  ictuuikubii'  tesull  «a  Chat  Iw- 
yond  a  certain  wnvclcngih  tlvc  ilisftcrsion  br|>iti»  ir>  incn-As-:  i,   r  .  thi*  e^r^r 
»:=  f  (k)  w  concnvc  tiiWHril  thi-  (nii«  <i(  .1      The  oli-i 
tram  arc  not  Minified  by  Uriot'<  f'lrtniila  with  cot.- 
tin^  ■'■    iijuier  oitcclmm,  »nd  [)r.  I'niit-lim  pives  «  ■■>  . 

in  tliiit  they  shootd  lie      [t  foDnn*  Ihnt  iil!  pt. 

w.i;     ...,.,  lis  beyond  'tH  nrc  too  prcni.  ii»  they  are  tittccd  i  .. 
aaauiiie  tliat  the  curve  beyond  thts  rioint  ia  citber  straight  or  »li 
Pnachcn  «i»nsjdcrt  it  doulilful  wlictlicr  nny  hrnting  cltnl   htis  i  ■ 
in  the  apcclrvm  lieyond  Ifi/i. 

A  coasiderutiofl  uf  the  nlatire  dispersion  and  absorptive  action  of  dguiiu 
and  rock-salt  in  diffrrmt  parts  of  tlte  k[wctrum  shows  thnt  a  prlaai  of  Ooorite  >• 
the  mon:  ndvaatBgcoiis  for  wavc-lenjjtns  above  8>i ;  fur  longer  wave-lcii|;tJia  tvA- 
Bolt  should  be  otcil. 


Ill     „l     Mt 
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PLANET  NOTES  FOR   DECEMBGK. 


II.  C.  WILSON. 


Uemirr  will  l»c  morning  pl«n«  durinp  Dwemtiw «nc)  nifty  Iw  srcii  tdwjtnl  i li<r 
fontheait  Iwtwcfti  »i»  onrt  aevcti  (iVIock  iJnring  llic  first  hiiif  of  the  mnnth.  The 
hc*t  ubwfvntinns  will  Im:  obtained,  bowcvrr.  dboot  ten  or  dev«Q  o'clock  wlicu 
llic  fliinct  IN  ncnr  tiK  mciiOutn. 

\Vc  would  ncinincl  those  of  our  readers,  who  retcive  this  niii7i!<cr  of  Asntosouv 
ASP  AsTBo-Pnvsics  Iiefore  Nov.  10,  of  tlic  trau»it  of  Mcrcary  wlikh  is  to  occur 
on  Chnt  dnte.  Tlie  trunsit  will  begin  at  0*'  So"  a.  u-  nnci  cad  at  3^  12'"  P.  u.  Cen- 
trnl  time.    Por  otlier  data  nee  last  number. 

Vctias  will  be  rrrninij  plflnct  but  will  act  tno  aavm  nftcr  thvSun  to  he  kcti. 

Muni  will  he  in  excellent  pi»ition  forcrening  ob«ervMtion.  lie  will  Ik  ncnr 
the  nicTulian  between  seven  nml  ciKlit,  at  n  good  HltituiU'  so  tbat.uKliouKli  lht» 
is  a  cold  muntli,  vnue  n<nttS  views  ousht  to  be  obttiinc<l.  M&r«  will  Ik  in  conjutie- 
tion  witb  the  Moon,  ubvu:  'J"  south,  Dec.  S  at  noun. 

The  scting  at  Norihficid  bas  not  beea  of  the  brai  this  jrear  and  we  hftv«  htit 
few  really  f^ciod  views  nf  Mnrs.  Otir  liest  view  was  the  itlffht  of  Oct.  S,  when  the 
H\i\(  Anrorn:  Sinus,  lun^itiide  fi.'i^  wns  on  the  Mnrtinn  meridian,  (vre  Srhi:i]>iirclli'« 
nini>  rcprodncci]  in  nnr  Inst  nnmlicr].  The  »ppenrnnce  of  the  |ilnnet  WHS  quite 
ililTfrenL  in  many  Te»])c<;t»  frvm  tlmi  imliciitcxl  bv  the  mafi.  Soli«  Lnvtre  wns  not 
round  or  ovdI,  but  was  broader  at  the  coHt  end,  nKTccing  almost  txuctlr  tritli  the 
luap  drntva  by  I'mciur  yeant  ago.  The  "eannis"  Atnlir^Hiii,  Necttir,  Tithonius, 
Forttmn.  ChrysorrlHuis  ami  Giiiiftrs  were  seen,  some  of  them  in  slightly  diflcrcnt 
jtositions  from  lliuae  shown  iu  the  map.  Pons  Juventic  was  also  scm  and  a 
eannl,  not  on  tlw  ni»p.  rDnniiiji  iwrthward  from  it. 

Mare  liryibrMeiim  with  the  lixbl  reaions  Dencnlioiiis  Pyrrh*  and  Protel  ftp- 
peared  tnoeb  as  fihown  in  llic  map  but  .Marr  Austratc  dfd  not  ebow  dark  al  all. 
All  tl»e  south  polar  t-r>;ion  eserr't  Ihcttnow-cap  ittwlf  appeared  of  thesanteyeUow- 
ish  hue  with  I  he  north  rQuatorial  (t-jilons. 

The  south  ptilnr  cap  wiih  ijuttr  smnll  and  on  Oct.  10  and  t2  w»s  «till  smnllrr. 
mensortuij  only  n  small  fmction  of  a  second  of  arc.  On  the  lOth  it  had  entirely 
disappcnrrd.  Since  that  time  to  the  i^rescnt  writins  (Oct.  '23)  the  »now-cnp  has 
Itceii  entirely  inviiiiblc.  Vit  do  nut  remember  that  Bucb  a  ti>tal  dissappeanincc 
baa  ever  been  recorded  t>el'oie.  altltniigh  the  great  diminution  nfthe  polar  rap  in 
the  summer  seasou  hns  been  a  well  known  fact. 

Jupiter  mnr  tie  observed  durinR  tbc  whole  nifiht  in  Dcceraher.  He  wilt  he  in 
voiijunction  with  the  Moon,  5^  to  the  sontb  of  the  l;itter  nn  tbc  morning  of  llic 
13th,  and  ni  opposition  to  tbc  Son  on  the  33d.  Tbc  niRhtis  will  be  cold  but  n 
f;ood  view  of  Jnpiter's  belt*  well  rrpayi  the  observrr  (or  tbc  KiLle  sufbrinx  that 
must  be  enduTvd  lu  ^ct  it. 

Saturn  and  Uranua  are  mnming  pinncta  and  will  prohnhly  not  be  obscrred 
much  by  tl>c  amateur  in  the  cold  weather.  Saturn  is  at  the  feet  of  Virgo  muving 
■lowly  enstward.    Vranuii  is  in  Libra  a  bllle  south  of  Dk  star  v. 

Heptutie  nwy  be  observed  nil  ni^jbt.  lie  is  in  Taurus  a  lilttc  south  of  the  star 
I,  and  moving  very  slowly  westward.    Neptune  will  be  at  opposition  IVc.  6. 
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Planet  Tablea  fM*  December. 

[The  time*  given  an  local  time  for  Nortbfldd.    To  obtain  StaDdard  Tinea  Gar  Plana 

In    approzlmatciT  the    •atnc   latitude,    add  the  difference  between  Standard   and  Liocat 
Time  if  weit  of  the  Standard  Meridian  or  labtract  If  cait]. 

Date.  R.A. 

h       m 

Dec.      5 15  33.4 

15 16  33.1 

25 17  38.7 

Dec.      5 16  54.3 

15 17   49.0 

25 IS  +3.0 

Dfc.      5 1    23.3 

15 1   31.4 

25 1    42.9 

Dec.       5 6    15.0 

15 6  oy.5 

25 6  03.6 

Dec.       5 14  06.8 

15 14    lO.G 

25 It   14.0 

Dec.      5 14  59.y 

15 15   02.2 

25 15   04.2 

Ik-..      .'. ■!■  .".:m 

ir. I-  ,".1  ',1 

■jr.  ....    I   .-,11,7 

Int,        7.  Hi     V.i.<< 

1,"".   ....1  7  :i;:.ii 

-'.-. I--    17.1 

i  »i.-otili:iii<ins  VisihU-  ai  WiishinKlnii. 

i.\iMi:];>ii  i.\  !:mi:];sii  in 

IMU  -I.H--  .M..L.-iil        W.i-hir.-.       \i,i.li  W.i.liitli;         \ti-I. 

1  '■;<1-  N..I]].  .  I  '!■)•  1  I  .11    M      i      I  'ill    \   [i'l.     liPll    M      1       I  'l    .\   ]  1   t        I  'II  r.i  ;■ 

In',,     .".   I;  .\.c    --i  - 1.  .  '■.         -'>    :;  I  7.;         :>    iwi       ■J117  1     m^ 

7      71'  I'i-idiin s  11      '17  Inn  1  i;      nii  i;i,s  ii      .-.  ; 

'.I     L'7  .\rKli- li  ■'.      I'l  III  1      iA         L'liw  II      :,i 

M    '.I  'l":iiiM 7  ->     .'.1  lU(i  :>     -J'  IM  It     3ij 

in  :.■  I'ki.i.luiii ''■  i:i  ;'..■<  ;(:i  iv  27  ;i04  o  4s 

I'l   17T.IILM    +  i:i  :.'."  7!  II-  -a:,  262  1  10 

111    L':;    T-inii :■  U  1.'.  IL's  M  .-,'..  i-io  o  44 

111  'Ji    Tiuiii ^  11  :'.■-  ',1'i  17.  :',s  L'i5  1  ihi 

111  7;   I  ,1111 1  :■,  11  IJ  ',i;i  ].-|  .u  j-l-A  I)  -,<t 

m  !i  \  L .  1171   s       ].".    11        .".7      10   i)H      -jm         II    fii 

111   LJ7     I  ;;iipi -1  l,'i      :\L'  1  L■.-^  Hi      1  ;i  1^17  l»      41 

In   L'-^   'l";.uii  li  I.'.      !'•-  1117  Hi     2\  2:1s  u     :.:'. 

1::    17  Ikhiki-.i  iiKi    ...  ,    '■  17      lii  S.'i  IS     11  :{11  n     .')." 

11.   111.. .111.'     li       i."i    i-j       11!       Hi    ,"i7      :mt         \    1:. 


MERCURY 

Decl. 

-  17   31 

-  21    33 

-  24   08 

Rl«e». 
h    m 

5  44  a. 

6  23 

7  02 

y. 

T  ran  tit*. 

h      m 
10   35.6  A. 

10  55.6 

11  21.9 

H. 

Seta. 

h     m 
3    27  p. 
3    28 
3    42     ' 

M 

VENUS. 

-  22   37 

-  23   51 

-  23   51 

7   34  a 

7  55 

8  11 

MARS. 

u. 

11 
12 
12 

56.3  a 

11.4  p 
27.0 

M. 
H. 

4 
4 
4 

19  P 

25 

43 

H 

+    9    10 
+  10   18 
+  11  40 

1   44  P. 
1    08 
12   34 

JUPITER. 

u. 

S 
7 
7 

23.9  p. 

52.6 

24.7 

U. 

3 
2 
2 

04  a 

37 

15 

II 

+  23   09 
+  23   12 

+  23   14 

5   32  P. 
4   46 
4   01 

SATURN. 

M. 

1 
12 
11 

14.8  A. 
29.9 
44.7  P. 

U. 
11. 

8 
8 
7 

5H  A 
13 

2S 

H 

-  10   24 

-  10   42 

-  10   58 

3   47  A. 
3    13 
2   39 

URANUS. 

M. 

9 

8 

7 

9.6  a. 
34.0 
58.2 

U. 

2 
1 

1 

32  P 
55     ■ 

IH 

U 

-16   41 

-  16   51 

-  17   00 

5  07  A. 
4  31 
3   54 
ni:pti'nk 

M. 

10 
9 

8 

02.1  A. 

25.0 

47.7 

M. 

1 
2 
I 

56  V. 

20 

42 

M 

-  Jl    111 

--  I'l    iln 

I-    L'n  (. 
A    Hi 

M  . 

1  1 
1  1 

r.i.'.;i  }■ 
ij.."' 

M. 

t\ 

-  '1    \ 
4.". 

i| 

-  I'll    ,'.-> 

'A    nil 
'1  III:  -irs: 

HI 

! !  L.' .  n 

>\ 

•1  i 

_•:;   HI 

7   _'l  .\ 
7   :'.ii 

\l  . 

1  1 
1  1 

.".1    :i  .*. 
.1. 1  -1 

M. 

-'1     !■ 

\! 

_'.:    L'.! 

7      '.',!', 

11' 

'lll.."i  !■ 

M. 

1 

2^ 
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Jupiter's  Satellites  for  December. 

Phases  of  the  Eclipses  of  the  Satellites  lor  an  lavertiag  Telescope. 


i. 


in. 


II. 


IV. 


No  Eclipse. 


Configttrations  at  If'  for  an  Inverting  Telescope. 


Haj. 

WMb. 

Bwt. 

1 

'3              2'        O 

1' 

■4 

2 

-2                    O 

■3 

4- 

■!• 

3 

1-    O 

2        .3 

4- 

+ 

o 

•12' 

3v 

5 

2-    1-              O 

a-4' 

6 

3-        4-     -20 

1- 

7 

3-4 

-1         O 

2- 

U 

4- 

■3                   2-     O 

1- 

9 

4- 

■2           'lu 

3* 

10 

ol- 

■4 

C 

■2 

•3 

11 

•4 

0 

-I     2- 

3- 

12 

■4 

2-    1             0 

3- 

13 

■4  3-         -2    0 

■1 

14 

3- 

■I             O 
4 

■2 

15 

3                    a-o 

1 

■4 

16 

■2           -l    O 

1 

-3a 

17 

oi- 

O 

■2 

3' 

■4 

18 

0 

■1       2 

■3 

-4 

19 

a-    -1     0 

3- 

4 

20 

3-2        0 

■1 

1- 

21 

3-         1-                 O 

■2  4* 

22 

02- 

3                      O 

4.  1- 

23 

■2*'    *1  -3  0 

24 

4- 

O 

1-2 

3 

25 

*■ 

0 

2-       a 

1* 

2G 

4- 

2'    1-    O 

3- 

27 

■4 

■23-     0 

1 

2S 

■4 

3-      r        o 

2' 

•19 

j.."^                      0  2-    1- 

au 

2-       1 

■3      O 
-4 

31 

<_ 

>■ 

2  1- -4 

■3 
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Phenomenn  of  Jupiter's 

Sat 

ellttea. 

Central  Tiim;, 

h    in 

h    m 

Due.     1 

■2  ",3  r. 

M. 

11     Sh. 

III,                     I>i;c 

IJ 

6  +7  .i.  ai. 

II 

Sh. 

a  57    ■ 

II    Tr, 

In. 

7  ly   " 

11 

Tr. 

5  29     ■ 

1!    Sh, 

I^s- 

ft  2+    " 

II 

Sh. 

6  3  a 

11  'Tr. 

Bg. 

9  5e  ■' 

II 

Tr. 

2 

12  3li  A 

M. 

J  *Sh. 

In. 

3  31  I'.  .M. 

1 

Sh. 

I   11 

1  'Tr. 

In. 

3  47     " 

I 

Tr. 

2  5G     ' 

I  *Sii. 

P'H- 

5  +7     " 

I 

'Sh, 

3  27 

1  'Tr. 

^k'. 

fi  03     ■' 

1 

•Tr.  , 

3  05  F 

^1. 

1 11     Ec. 

Dis. 

13 

Q    11  A.  M. 

111 

Sh. 

7  51     ' 

Ill  *Op, 

Hy. 

lU  10     " 

HI 

Tr. 

9  50     ■ 

I  'Ec. 

I>ia. 

12  00  u. 

111 

Sh. ; 

3 

V2  3+  A 

M. 

1  'Oc. 

Kc. 

12  41  P.  M. 

1 

!£<:.   1 

10  03 

II     Bq. 

Dig, 

1 1>  59     '■ 

III 

Tr. 

I  30  [• 

M. 

II     Ik-. 

Rt. 

3  11     " 

I 

<>t. : 

7  OS     ■ 

I  "Sh. 

III. 

14 

1    C^li  A.  M. 

11 

•Ec.  ] 

7  37    ' 

1  'Tr. 

In. 

4  5G     " 

II 

•Oc. : 

9  24. 

I  'Sh, 

Eg. 

0  59    '■ 

I 

Sh.  ] 

9  53 

1  'Tr. 

Bp. 

li)  12     " 

1 

Tr.  1 

4 

4:     18 

I    Ec. 

l>is. 

12  lGp.il. 

I 

Sh. 

7  00     ' 

T  'Oc. 

Re. 

12  2H     " 

I 

Tr. 

S 

+    11   A. 

M. 

11  "Sli 

In. 

15 

7  10  A.  M. 

I 

Ec.  1 

^  04-    * 

11   *Tr. 

In. 

9  3*1    *■ 

I 

Oc.  1 

i;  47    ■ 

11     Sh, 

Eg. 

a  05  p.  M. 

11 

•Sh. 

7  +1     ' 

II     Tr. 

Eff. 

a  27   " 

11 

•Tr.  : 

1  315  p. 

M. 

1    Sh. 

In. 

10  42    " 

II 

•Sh-  : 

2  [13 

1     Tr. 

In. 

11  03     " 

II 

'Tr. 

3  53     ■ 

1     Sli. 

Ep- 

16 

4  2S  A.  M. 

I 

•Sh. 

-t  19 

I     Tr. 

Ey. 

4  3S    " 

I 

■Tr. 

G 

S  12  a. 

U. 

ni  'Sh. 

In. 

G  44    ■■ 

I 

Sh-  i 

G  54 

Ill     Tr. 

hi. 

fl  .^4     " 

1 

Tr.  : 

7  5'J     ■ 

ni     Sh. 

E«. 

11    04  !•.  Al. 

HI 

•Kc. : 

U  42     ' 

Ill     Tr. 

F-k'- 

17 

1  3»  A.  U. 

I 

•Ec.  1 

10  47     ' 

!     Ec. 

Dis. 

2  25     '■ 

III 

'Oc.  ] 

1   26p 

M. 

1     Oc. 

Kt. 

4  02     " 

I 

•Oc.  1 

11  20     ' 

II  "lie. 

Dis. 

3  1 3  P.  M. 

II 

Ec.  1 

7 

2  43  A 

M. 

II  'Oc. 

lit. 

6  03     " 

|[ 

•Oc.  1 

S  05     ■ 

1    Sh. 

111. 

10  50    " 

I 

■Sh.  1 

H  211     ' 

I     Tr. 

In. 

11  04    " 

I 

•Tr.  1 

111  21     ■ 

I    Sh. 

ES- 

IS 

1    13  A.  M. 

1 

■Sh.  1 

ifi  +:.  ■ 

1     Tr. 

?■?■ 

1  20    " 

! 

•Tr,  1 

"^ 

'        Ptaaet  Tabks 

i 

^H 

h   m 

b   m 

^H 

Dec  as     9  OS  A.  K. 

I    OcDis. 

Dw. 

37     4  41  P.  M. 

III  Tr.  To.            ^H 

11  19    " 

1    Oe.  Re. 

5  11     " 

III  'Sli.  In.            ^^M 

10  4.1  p.  H. 

II  Tr.  III. 

6  42    " 

I  *Er.  Re.            ^H 

l»  41    " 

It  •«»!.  In, 

7  2a   " 

III  Tr.  hg.           ^H 

33     1  18  A.  H. 

11  -Tr.  Ek. 

8  02    '■ 

III  "Ah,  Eg.            ^^M 
II    Ec.  Du.          ^^M 

119    " 

H  'Sh.  Eg. 

38     7  06  A.  H, 

ess  *• 

1    Tr.  In. 

9  23    " 

II    Oc.  Ke.            ^^1 

6  as  '* 

I    SIi.  In. 

1  39  f,  M, 

I                           ^H 

8  83    " 

I    Tr.  Eg. 

1  4«    • 

I                  ^H 

8  88    " 

I    Sh.  E5. 
Ill  'Oc.  tfti. 

3  53    " 

I               ^H 

2*     2  52    " 

4  0*    " 

1    Sh.  Ek-          ^H 
1    Oc.  D10.          ^H 

3  2U    " 

1  "00.  DU. 

29  10  47  4.  M. 

5  4S    " 

Ill    Ec.  Re. 

1  11  P.  U. 

I    Sc.  Ke.            ^^1 

6  45    " 

I    Ec  Re. 

30  12  65  A.  M. 

II                          ^H 

B  48  p.  H. 

11  'Ec  Difl. 

1  18    " 

11  *Sh.  In.            ^H 

8  16    '* 

II  *0c.  Re. 

3  32    " 

11  Tr.  Bg.            ^H 

26  IS  47  A.  M. 

I  'Tr.  In. 

3  66    •■ 

H  *Sh.  Ei.             ^^1 

13  ^\     " 

I  "Sh.  In. 

8  05    " 

I                             ^H 

3  (XI     " 

I  'Tr.  Bk. 

R  17    *' 

I                             ^H 

3  (>«    " 

I  -Sh.  Bb. 
I  'Oc.  Dtt. 

10  31    •' 

I    Tr.  Bk.            ^H 

9  AS  p.  M. 

10  33    •■ 

1    8h.  Eg.           ^H 

26   12  14  a.m. 

I  'Ec.  Kc. 

81     r.  13    " 

I  'Oc.Dn.             ^H 

11  48    " 

II    Tr.  In. 

n  03    " 

III    Ov-.  Dit.            ^H 

11  69    " 

11    Sb.  In. 

7  40    " 

I     Be.  Re.            ^H 

2  35  P.  u. 

II    Tr.  Ek. 

9  46    " 

III     Ec.  Re.             ^H 

a S  37  '■ 

II    Sh.  E&. 

8  33p.|(. 

JI  -Be.  I>i».            ^H 

^^^^K          7  13    " 

I  Tr.  fn. 

JO  30    " 

U  *0c.  Kc.            ^H 

^^^^H           7  10 

I  'Sh.  tn. 

Sun. 

1      2  31  A.M. 

I                     ^^M 

^^^^^            9  3»    " 

I  Tr.  E«. 

3  46  a.  K. 

I  *Sh.  In.             ^^M 

^^^H 

I  *Sh.  Eg. 

4  47    " 

I  Tr.  Kg.                   ■ 

^^■^          37     4  21    " 

I    Oc.  DiB. 

5  03    " 

I  -Sh.  Eg.                   T 

^B             NriTE.— Ifl.,  denotes   ioKrcas;    B}; 

.  efreas: 

yis.,  dtuppearn 

nee;   Re,  reap- 

^m       prnrani.-c;  Ec.,vclip*c. 
^1        transit  of  the  sliauov: 

Oc.,  denotes  ocvultation ; 

Tr.,  transit  ortliesalellitc;  Sb.                      1 

*  ViEibteat  Woahington. 

the  Moon. 

laeea  and  Aspects  of 

^^^^^^^B 

Central  Time.                                   \ 

^^^^^^^^^B 

d            h 

m 

Dec.    3          5    00  P.  M, 
5          6    15  a.m. 

^^^^H                  Finti  Ounrter 
^^^H               Full  Muuii.... 

13  I  4ep,M, 

14  9    00  a.m. 

^^M               Perigee. 

^^^H                Kew  Muoa.... 

19          5    15  a.m. 

2tt          8    20  P.M. 

^^H                Apogev 

30          5    20  A,  M. 
u-labic  Stnra. 

ma  and  Min 

ina  of  Vi 

^^f                fPrmn  rphrmrrldr*  hy 
^1         nartwlK  jQ  tb«  "  VUrttiit 

Dt.  I.o«wv  In  the  "Compoiil 

on  to  tbr  nhMrrvntory,"  sih)  by  br. 

ibrmchiift'dcT  A 

■trooomUche  neacllachnft",) 

K                 MAXIMA. 

MAXIMA   COXT 

MINIMA  CnsT. 

^m     Dec.     3   S  Uclphini. 

Dec.   as 

r  Puppis. 

Dec.     6 

V  Coronie 

^B                   4    X  CrcTii. 

^^                     7     B  Vulprculfe. 

tin 

27 

U  RoStiii. 
S  Scorpii, 

6 
8 

V  CflftHopciit-. 

T  VirKintd. 

^^^H          11    TCnaisMin 

21) 

S  Wtrre. 

IS 

S  VirK<<i<*. 

^^H          11     W  Cygni. 

lit) 

K  llyHnt. 

17 

R  Ccntaiiri. 

^^^^1 

MINI.MA. 

19 

W  Tauri. 

^^^H          15    V  Mrirroccrolis,        [)^_     2 

R  Aciuitn*. 
t'  PiKcium. 

10 

R  Sajfittie. 

^^^H          16    V  MonoccrotiB.                  a 

31 

8  Arietis, 

^^H          17    SCcti. 

4 

V  Cflneri. 

25 

T  Ubrn,'. 

^^H         :o    B  Lyric. 

4 

X  BoOtift. 

27 

S  .\(iuiUe. 

^^^B         33    R  Vulpeeulir 

0 

R  Lyrm. 

27 
28 

tf  Genii  nnniin. 
V  Lihne. 
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Minima  of  Variable  Stars  of  the 

Algol  Type. 

[Given  to  tlic 

npnres 

t  Hour 

in  CentrHt  Stn 

nilnrd  Tlmi] 

U   CliFHKI. 

S,  CANCRI. 

S.  ANTLLE  Cost 

Alt«rnPt^  Minima. 

|] 

Ev<;ry  third  JslinlmuT 

7 
12 

n 
12  M, 
11   *.  W. 
11      " 

Dec. 

Iti 

25 

3  1'.  M. 
2  A.  u. 
2  1-.  M. 

h 
2R.           6  a.m. 

■J7          3    - 

2y        4    ■* 

17 

11      - 

S.  ASTLI.E. 

21>           4     " 

22 

ll>     " 

30           3     ■■ 

27 

in    " 

lii-tcj'  thiri!  Minimiini. 

;ii        2   " 

ALCOL. 

AlttnluU*  MinimH, 

I>CC. 

1 

10  I-.  M. 

10   ■• 

R     " 

('.  Coron*. 

Dec.      G 

10  A.M. 

3 

4. 

AUcrnatc   MinimK. 

i;i 

4-     " 

Ucc.      1           6  P.  M. 

17 

ICi  \:  ii. 

7 

s       J-  ■■ 

^.1 

3     ■■ 

7 

R    '■ 
fi    " 

15          2    ■' 

2D 

9  A.  M. 

2J        IHm. 

K  TAUKl. 

If 

2y        a  A.  _M. 

AILerri 

itc  Minima. 

in 

i    " 

V  CYGNI. 

Dec.      7 

7  A.  M, 

11 

4-    " 

15 

ii     " 

12 

3     •■ 

AltcrLiAii.'  Minimu. 
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NEWS  AND  NOTES. 


Those  who  may  br  in  nrrcnrs  itir  vuhscriptioti  In  volitine  XIII  vfill  j^refttljr 
oblige  the  puWisltcr  by  cntly  Kttlcmrnt  of  Bwb  dues  that  the  ImkjV*  may  be 
|>roRi(>tl,r  closed  for  tbc  year  1804. 


Sobscnbers  arc  kindly  rcqncstcd  to  bear  in  mind  the  fact  that  our  nest  nnm- 
ber  win  close  volume  XIII.  It  will  contain  a  full  ijcneral  index  prepared  with  the 
£rcateet  care. 


The  Tr«iult  at  lK«rcury,  Nov.  lo.— Professor  Howe,  Director  of  the  ChamherKn 
Obtrrvntorv,  Denver.  Colo.,  cnlls  unr  sttentiun  to  iin  error  in  the  calculated  times 
of  beginning;  of  the  transit  an  >t<Ten  in  our  laftt  number.  The  niitius  atKn  in  the 
formnta  fur  injures*  wus  overloultcd  by  both  tbc  computer  and  the  one  who 
checked  tbc  work.    The  Greenwich  times  should  lie  as  follows: 


Obserratorv. 

Lotigitndc. 

Luttludc. 

Trnnsil  begins. 

Transit  BikIh. 

a               t 

B                   ' 

ti      m       • 

li     m      ■ 

Harvard 

71    OB 

+  43    32 

3    6S    43 

0    13    07 

Waahinfftoii 

77    03 

•f  38    CA 

3  6S  ns 

»    12    m 

OoodM'll 

U3    (HI 

+  44     28 

3    S5    .^3 

9     13     1.1 

Chamberlin 

10*    57 

+  39    41 

3    5S    SO 

0     13    17 

Lick 

131     39 

-f  37    30 

3     G6     OA 

d    13    23 

North  Creenhind  Auiota  Observations.— Thoxc  co^prrnting,  .itid  othcm.  will  be 
intciested  to  Irnm  thai  1)h-  tix'ordH  of  observations  of  tlic  (inrora  mitde  At  the 
ttation  of  Mr.  Peury  in  North  Greenland  the  past  winter  hnve  Iweti  received,  and 
that  their  comparison  with  similar  records  Irom  oilier  part*  of  the  Enrlh  is  now 
in  progress.  It  nlready  appear?  thai  the  conclumonH  heretofore  nnnonnced  in  iv- 
gard  to  certain  phases  of  the  sabject  arc  being  substantially  confirmed,  and  that 
tl)c  forces,  of  which  the  aurora  t*  tbc  visible  c»pri,imion  and  t>*j>e,  play  /in  csMcrt- 
inglv  important  pnn  in  many  ways.  The  retalions  to  certain  very  definite  solnr 
conditions,  and  lo  thunder  storms,  «itd  lo  certain  phases  of  ntmosphcric  control 
arc  becoming  esiietially  clenr.  It  is  fitting  that  all  who  ha  ve^o  kindly  conlributeil 
to  the  success  of  tltc  srhrme  should  have  assurance  that  their  labor  is  not  in  vain 
It  is  proposed  to  continue  these  observations  and  if  possible  make  them  cveii 
more  valuable.  All  data  Iwaring  upon  the  subiecl  will  he  thankfully  received  nnd 
employed  to  the  best  possible  odvantnKc.  m-  a.  vrruer. 

Lyons.  N.  Y..  P.  S.  A.,  Oct.  18th.  1»9*. 

Since  above  was  mailed  '  wsterdny,"  very  fine  records  have  licen  received  frwra 
Mr-  Ortr^  Comer,  o(  East  Haddam,  Conn.,  made  at  Int.  63^  55'  S,  and  long. 
041-  "iff  W.  the  nenresl  the  magnetic  pole  nf  any  thus  far  at  band. 


Tiansactiona  of  the  Royal  Irish  Academy.— We  are  in  receipt  of  Part  3,  Vol.  30 
of  tl>e  transnctinne  of  the  Kuynl  Irish  Academy.  It  is  r  recent  pnUication  of 
mkronietrical  ol>sefvittiDns  of  nebttlie  made  oC  the  Arroogh  Observatory,  by 
J.  L.  E.  Drtycr.  Ph.  P..  and  read  Iwforc  the  Academy,  Dec.  li.  I«i>3.  These  obser- 
vAIions  were  underljikcn  to  supply  sornt  of  the  materinls  thou^-ht  neiessary  to 
aid  in  ddcrmininf;  tbc  i|uc9tioii  wiM-tlicr  or  not  the  nehuhc  arc  endowed  with  stn- 
siblf  proper  motion.  From  a  knovflcdKc  of  the  projirr  motion  of  the  Stars  ^niT- 
ntly  it  seems  probnble  that  tbc  nchul.x  are  so  cndnwcd,  nlthou^^h  there  is  yet 
wanting  the  positive  proof  that  a  sinKlc  nebula  is  aflected  by  such  motion.    Tbc 
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fgncKtion  ts  nn  iinportnul  one  in  tl)csta(}5'  nf  tiKCoirflttuiiint  of  the  Vaivt 
on  this  account  the  brighter  ncbolir  hiirc  been  much  observed  by  lending  E« 
«stTonom*rs.  r>r.  Dreycr  calls  aitnitioa  nlao  to  the  work  nf  Sclif'iil 
positions  of  tttou>  of  the  fainter  nebulsc,  indicaling  that  hia  right  aacciii 
rattier  more  aflft-lcil  by  »;-xlcu>»tu:  crran  tbau  thoM  of  other  obaerx-vr*^ 
thlt!  account  that  he  had  thought  it  ascfiil  to  re-measure  a  nuDibcrof  tl 
■nd  at  the  »nm«  tiro«  to  ohserve  iDine  oftbe  brijihter  nebulic  by  meant  of  vrlu< 
compariMn  might  be  mode  between  lits  own  measures  and  those  of  Scbultx,  Vq 
Kn^lfaardt  and  others. 

The  work  of  this  cattilogue  was  done  br  the  aid  of  the  lO-Jnch  rcfr 
the  Armsj^h  Ob*»crvator_v,  made  b>-  Sir  Howard  Grubb  and  «ct  np  in  If 
object  glOBS  is  of  cscellent  qimlitT  and  the  Observatory  is  furnished  with 
16  fc«t  in  diameter.    After  deKribtnit  at  lenijth  the  instrnmenc  used  antl 
of  rcdncing  his  ohsenrotiuns,  Dr.  Dreyn*  spcoka  of  some  rtsotta  obtoinMl 
lows: 

"  In  order  to  establish  the  relation  of  my  measures  to  tho«e  ol  other  obvrrr 
I  lift%'e  compared  my  results  with  those  of  Schonfeld  and  Schulu  with  >wboi 
have  most  objects  tn  common.  Their  measures  arc  referred  to  (he  epoch  of  1801 
and  tbe>'  hnd  therefore  first  to  be  corrvcted  for  precession  to  my  epoch  lS90J>i 
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Only  soeli  object*  were  compared  which  hnd  been  meanured  from 
compnrison  star.    The  "Dumb-bcU  nebula"  and  b  2205  were  omitted,  as  1 
paints  oppenr  to  have  been  observed,  and  here  a^aio  uiy  fcw  observal 
oblif|ne  trantita  were  left  ottt.    The  resnlts  are 
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^a  coy  d 

J.1 

Nebnljc 

ScfadiireU]  I— Drcvcf 

—  O-.lOB 

—  0".05 

27 

■              SchOniHd  It-Drever 

+  0.n43 

+  0  .7* 

38 

P              Schulu— Drcycr 

-f  0  .071 

+  0  .09 

Sft 

Tlie  tint  two  comparisDOR  give  tbe  right  asccDmoa.  Scbdnrdd  I-U  —  —  0*.15. 
while  SchQaTcId  found  by  dimrt  v'omparison  bitwrcn  lii«  two  sl-Hl'S  — 0*.31  aud 
tbrougli  comiinrison  with  Schulu  —  ii'.LU.  TIti:  rcnlity  of  the  uystcinatic  error* 
in  riglit  iitKi'usion  olMcrvation*  of  ncbiilir  has  thus  ngnin  been  coDfimied,  by  the 
present  neries  of  alwrrvatiunK,  while  the  diflereaccA  in  dcdio«t!oii  muKt  Ik  con* 
sidrrrd  as  mereoccumulntions  o(  accident  a]  crrora.  It  oppenrK  that  I  differ  1«« 
from  Schoiifeld  in  risbl  (iifcenHion  than  any  previous  observer  has  done,  but  his 
right  asrenstons  of  nebulse  remain  the  smallest  of  any  lu  yet  determined-  I  thinU, 
hofrever,  thnt  it  wrniild  nt  the  present  moment  be  premature  tn  attempt  to  com* 
bine  tlie  resuUa  of  all  known  micrometrical  measnrcs  in  order  to  form  a  catalogue 
of  the  exHct  place*  of  ncbulw,  but  it  tecnis  likely  that  photoj^rnphy  ini};bt  bcrc 
lead  to  intercstins  result?, and  supply  tbcsCaadan)  right  UEcensiutiB  which  appear 
DO  difficult  to  get  hold  of." 


Ttic  Orbit  of  the  Fifth  Satellite  of  Jupiter.— M.  TiHcmnd  reports  the  rcsulu  ot 
bis  rnenrcbnt  on  the  orliit  of  tlic  snlcllitc  of  Jupiter  dbcoverrd  the  9Lb  of  Sep- 
tember 1892  by  Barnard  of  the  Lick  Ob^ervatoT,  in  California.  This  small  star 
is  ^-ery  difficult  to  observe,  no-ertheksK.  tbe  observationc  of  Barnard  made  with 
tbe  aid  of  tbe  greatest  telescope  actually  in  extstcnce,  arc  very  prcdtc. 

M.  Tissernnd  has  rndcnvored  to  represent  these  by  a  circniar  orbit,  a  fiitd 
elliptic  orbit,  and  n  rariablc  elliptic  orbit.  The  last  method  jiives  the  most 
Uti:f factory  resuitn.  The  eccentricity  of  the  orbit  is  ii-ery  »mnll— about  0.01. 
Tiie  ellipse  19  ibci'cfore  almost  a  circle.  The  major  axis  makes  a  complete 
revolution  tn  live  months.  This  la«l  motion  is  due  to  tbe  equatorial  protabcr- 
RDCC  of  Jupitrr.— Translated  from  La  A'aCureof  Oct.  13,  1804. 


Th«  Mass  of  Uercury.— M.  [Incklnnd's  recent  revenrchrs  on  tbe  mnsa  of  the 
planet  Mcrfury.  and  the  acceleration  of  the  mean  movement  of  Eocke'a  comet, 
are  (!r*cHI)ed  by  M.  Cnllnnilrean  in  Coinptt$  rtinlua  of  October  1.  Bncke'a 
comet  i«  interesting  not  only  on  account  of  the  diminntinn  ot  its  period  of  n-TO- 
lution  (about  two  bonrt  from  one  apparition  to  the  next),  but  also  from  the  fact 
that  its  morrmcnt  is  disturlKd  by  Mercary.  A  discusaiou  of  tbe  seven  appari- 
tion* of  the  comet  between  1$7I  and  1891  has  led  M.  Itacklmid  toconHude  thot 
Mercury  has  a  much  smaller  mass  than  has  hitherto  been  ascribed  to  it.  The 
rslue  obtained  is 

Ma«i  of  Mercury  =  og^Toot, 

It  would,  therefore,  take  aboni  0,700,000  bodies  like  Meivury  to  make  up  tbe 
moss  nf  tbe  Sun. 

To  (Kxount  for  the  acceleration  of  Encke's  comet,  it  has  been  supposed  that  A 
resisting  medinm  of  some  kind  is  uniformly  distributed  round  the  Sun.  M.  Back- 
lund,  however,  tltinkK  thnt  all  hyputhcant  of  u  njntinuous  resisting  medium  of 
uniform  deiibity  ought  to  be  discarded,  and  that  the  resistance  is  very  probnbly 
met  only  in  certain  regions.  This  idea  is  a  \'ery  plausible  one,  for,  according  to 
t.aplacc*s  hypothesis,  in  the  formation  of  the  planets  frum  the  solar  nehulo.  all 
tbe  tubstAnce  of  the  rings  would  not  be  used  np  in  the  process,  and  some  of  it 
would,  without  doubt,  travel  along  the  planetary  orbits  as  douds  of  very  light 
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maUriol.     It  is  9u^.t;cstrd  thflt  Enckc's  comet  paew*  thrnv);h  ncbtiloiM  dowS  nf 
thil  kind,  nnd  tli.-iL  llie  Tctiitlnncc  tbcr  uDcr  cnuMS  the  oiMcrvcfl  MwWml 
tlvmcaii  motion.— ^teturr,  Oct.  18,  IHM. 


Tb«  Cticcgo  Audvmjrol  ScLeocn.— Setft/on  of  Mathemmtia,  Mtrouomty  mud 
PA,r*fc».— Tlic  rrfpilar  monthly  tnKtin}<  was  liclil  nt  the  CDmrocrcr  Clab,  Aodk- 
toriom  BnildinK,  i'rornsor  li.  W.  l[on;;h,  I'rrstdrnt.  In  l)i«  Cbuir. 

frofetsor  Geo.  Iv.  MaIc  read  t)w  fir«t  jiflpcr  of  the  creiiiti|{  on  BaprriOKntml 
larcitig»tiona  of  the  Eflnlire  Temjteruture  of  tbe  Sun,  bjr  \V.  B.  WiUmi  and  P. 
L.  Gray. 

Tbe  speaker  gave  an  intcrMlinp  hhtorkal  luvount  of  the  forncr  dVbrt*  t» 
Hetcftnlne  the  effectivd  tern  pern  ture  of  the  San,  detailing  cifirdaUy  the  mdhoA* 
cmp)o>'cd  by  ner>chcl,  I'ouillct,  \'iole,  Lnngte^  nml  Roictii.  The  prwnplcs 
Tolred  in  the  rx(ieriTti«tla  were  diM-usinl,  lind  illustration*  of  tbe  apparNtm 
liiljited  liy  nM-iins  of  tlte  luniern.  Proivstar  Itule  then  anve  iin  account  of  Wilxml 
work,  and  poinu-d  out  ll>e  siiiwrior  character  nf  his  n|)|>Hrntus  and  tlw  mrt- 
which  he  had  'corrected  for  every  posmble  nonrce  of  mrnr.  «ucb  m  i  ter' 

rc*triiit  ntmosphcric  nhfor|)tion,      The  rntlio'tnicronirtcr     wii«    r-  .  •i*! 

dinKr»in»  of  work  on  the  nK-Itinn  jKiintB  of  Eolrl,  rilver,  And  pMlladtmsi  r«htt>4ted 

Witum's  eflcctivc  temperature  of  the  Shu,  fiSOO  de^rtr*  crtitiffradc,  wa» 
tbouftht  to  coiilirnt  in  a  jienernl  wny  the  VHlne  found  by  RoMiii,  which  w*» 
about  lOOMO  Ocsrcti. 

In  concluirinn.  Profnaor  Hak  tboaj^ht  n  JE*^1^  8**'"  '"''  ^"'^^  lamAe  by  r«da»- 
uig  the  flM|i|>ou;d  tcm|w-rnttifc  of  tbe  Sun  from  levtrul  million  to  •  few  tbotnuBd 
dcfttrcii,  which  he  rcf^anlcd  n*  a  fir»t  npprusimatiun  to  the  tmtb.     A  general  dW-. 
cnsKion  fulhiwcd,  in  which  Professor  Uurnbsm.  ProltMor  lluu|cb, Prufenor  Ci 
and  othrrA  took  |tart. 

Prolnaiir  Bnnrhnoi.  vrho  hfld  )nit  returned  from  Hiiklon.  atmtinnml  to 
Acaihrmy  thnt  he  hnil  tnted  the  44  inch  glaM  of  the  Yerkn  Ob«crTatar]r  at 
»faoii9  of  Atvan  G-  Clnrk,  and  had  (onnd  ii  Arst  cIrm. 

Wbni  tried  on  dfjnbfr  stars  like  e  I,rriii  and  0  Dclpbfni  it  mTC  puod  li 
ami  when  pointed  on  Venn  and  a  Cricni  the  iicid  was  dark;  an  that  Pt 
Ituriihrim  wiiK  »ati4Aeil  that  wbm  hitiAbed  the  tflam  wouhl  he  the  Ciuwrtttax  glary" 
of  it«  illu«tnoua  tuuiuilncturrr. 

I'rolf-tMor  W.'irltwnrth  made  a   ievf    remnrlis  on  Profrv'or  MicfacisOD'*    wort 
with  tbe  rcfrn  dome  ter.  nnd  its  application  to  astronomical  racsanmncnt. 
rome  (teneral  dincnKMon  tlie  session  adtoumc^. 


Ths  Perseld  Radiant.— Sir:  I  hare  only  Just  iwvn  Mr.  DrnnloK's  fetter  fn 
Aagust  nomlter  en  my  retom  from  my  vncaiion  trip.  The  igiKKtioit  at  tasoc 
twern  Mr.  Ihcnning  iind  mvKcIf  t«  of  the  simplest  possible  character,  nttd  I 
his  iKTKtnaHtiot  will  not  tndnce  yonr  readers  to  lose  stxht  of  It.  It  ia  tUa: 
Mr.  iJenninjt'B  obecrrations  (or  any  other  published  ohsvrvationa)  provt  u  i 
iag  of  the  Perseul  rndinnt  ?  If  1  alle^jied  that  1  had  made  nlaarratioiM  wrfaich  kd 
to  a  dillerrat  rrsnit.  his  strictnrrs  on  my  ektll  as  aa  obaerver  amf  hta  charic  of 
tann;;  located  in  my  fc.itttrr-bed  when  he  wraa  ohacririnji  would  have  Aomc  rvliaasc. 
At  present  they  hare  none.  I  accept  c*-er»  one  itf  (nx  polilisbnl  olijrrvati 
currvrt.  Me  aOiani  that  these  observaliuns  prove  »  shilling  of  ilic  ra« 
soy  they  do  not.  The  cgucsiion  is  tint  one  ot  •■liservniioii  but  "f  |trool.  IxX 
iMmnin;;  show  bow  the  utnemitions  recooleil  by  him  prore  that  Kbr 
shifts,  and  I  will  either  acxpt  his  proof  or  piiat  out  its  defccta.    B»t  I 


I 


to  remind  Mr.  Dcnninf;  ihut  nMcrtion  is  not  proof.  He  may  Rn  oti  rcpcatjiij;  that 
his  ob5crv«li<iii«  prove  or  rftmoiiittrntc  thr  nhiftinj;  "to  ihc  tnd  oC  time"  (i(  lie 
«hou1(I  »ri  lnuf>  live)  but  I  do  not  think  he  is  likely  to  convince  aMroaomcrs  gener- 
ally until  he  condi-mrntU  lo  f^ve  the  detNili<  of  his  proof.  Itidcnl  Ik  writes  aa  il 
tbL-  ftliifiing  fif  the  rndiant  wns  a  thinf*  that  conid  be  aeea.  Of  ciiirsi:  it  ia  nothing 
of  the  kind,  Mr.  LVnning  hfts  recordts!  fully  nnd  ncfumtely  whnt  he  saw.  I  do 
not  dbputc  his  rataloxue  in  tlrc  least.  Thv  qiitation  is.  whni  does  that  cnlaloguc 
prove  y  A"  tn  tbr  hitc  Hr.  Kki))er'>  (-'inipuLnlioitii  they  proceed  on  on  auumption 
as  CO  tile  shnpc  of  the  itielcor-swirni  which  nppcars  to  Urw  l>c«n  taKgcMvd  to 
ibe  nathor  by  Mr.  Dcnnin^'s  suppowcd  discovery.  There  is  no  proof  that  tbe 
swarm  has  this  shape. 

I  hoTe  nmipied  macb  of  yonr  «pM-e  tn  treating  of  the  rclatinnA  between  the 
proper  motions  nnd  the  spectra  of  ttnrs.  I  did  not  observe  either  th<  spcctrft  or 
the  pruiKT  motion*.  I  wiik  tiKvilo'l  in  my  fcMther>lMit  when  oIIkts  were  doing  m). 
Conpet|urnlIy,  luxordinR  to  Mr.  DenninK.  1  knew  nothlnK  oi  what  I  was  writing 
alKtui  iind  your  %]yavc  has  lieen  nbtutUitcly  wn^ted. 

To  be  Inicf.  1  entirely  dispute  Mr.  Denning's  fundamental  as«umpliua  that  no 
person  who  i»  noi  n  pnicticnl  otMtcr«'Cr  ist  com|*c[cnt  to  critii.-i«:  the  inferences 
drawn  by  a  practical  oljstrvcr  from  his  observations.  A  very  able  observer  way 
be  u  ver>'  \ttnit  loRitnun  end  one  who  never  made  an  olMcrvution  but  unftervtandi 
the  ekmentury  principles  of  tbe  theory  uf  yutol  may  fitgnuli«e  the  de^-ls  in  his 
nr^iimeni. 

t  do  not  however  "aver"  that  the  Persrid  radiant  does  not  mnvc.  1  onlj 
asMrl  tt»r'*i«eK»ttrc  minlt "  i»ffrT»-d  lo  by  Mr.  Detming,  vii;.,  that  ilsahiOmg  hns 
not  been  proved.  I  nsk  for  further  observations  in  order  to  decide  titr  qiK-Kiion 
whether  it  xhifis  or  not,  and  I  ho)ie  that  obsci  vvm  will  mnke  these  observations 
rcgtirtUcss  uf  Mr.  Denntns'B  ipse  dixit  ihal  ihcy  are  annweseary. 

tinblin,  Oct.  9.  w.  ii.  ».  monck. 

P.  S.  I  have  seen  very  (evt  obsenrii  lions  of  the  I'ersetds  of  ilw  present  year. 
The  only  oborin-cr  who  scui  tue  bis  results  (Mr.  Sdilbgnn  uf  Belfast)  writes  "No 
trace  of  (lisplvn-emi^U  from  night  to  nigbt."  lie  had  ben  on  the  liHikoiil  from 
about  July  24  but  did  not  notice  any  Pvraetds  until  Ang.  4. 


I 


Tbe  Pr«treB«  of  Astionomical  Pbotoftaphf.— All  our  rmdcrs  intcnntcd  in  natro- 
nomical  pliotogrimtiy  dbould  read  H.  C.  RusaeU's  v.iiJcr  on  that  tlicme  which  was 
rend  as  the  prc»ideiil'»  ndilrcM  l>r(iin:  the  Section  id' Astronomy,  M ii ihcmii licA  and 
Physics  of  the  llritisb  AsEixiatioii  at  its  last  mcutiiig.  \Vc  ({ive  elscwhcrv  the  first 
part  of  it.    More  will  appear  later. 


• 


£.  E.  Barsard'i  Present  to  the  Saral  Astronomical  Soclety.^Ai  the  June  meeting 
of  the  Koyal  Astronomical  Soriely  it  was  annuimced  thai  Prufr*aof  BamanI  of 
the  Lick  Observatory,  had  sent  a  tcrirs  of  positiTcs  of  hi«  n'tronomical  photo- 
graphs OS  a  present.  These  -in  ived  in  ditc  course;  and  a  very  beautiful  series  they 
ore,  well  worth  n  rinii  to  the  Burlirgton  Rousje  specinHy  to  see.  Ttun*  are  nl- 
together  more  than  ttO  glasn  positives  (10  in.  by  M  in,,  H^^  in.  bv  6^>i  in.)  chiefly 
of  comets,  but  JticludinK  one  or  two  of  stars,  eclipses,  etc.  The  most  rrainrkable 
arc  pcrhapit  tboK  <il  the  Urotiks'  comet,  where  the  tail  is  in  process  of  (King  shat* 
tercd— a*  tltongli  by  some  cyclone  in  »pnce.  But  all  arc  worth  careful  study,  and 
it  w  to  lie  hoped  ihnt  seveial.  if  not  nil,  may  tw  published  liy  the  Society  in  some 
form  orotlwr.  The  whok-  uf  the  inanunl  labor  of  taking  tlic  originals  and  copying 
them  !i.%fl  bc:n  undcrinkcn  by  Prof.-ssor Barnard  personally.  At  the  Lick  Obscr*-a- 
tory  manual  ns^i^intice  is  no  more  pirnlifid  than  some  other  Inturiei  which  wc 
have  cnunc  to  ngnrd  almost  as  ucccssitiek-^^bfcrvatorr  lor  October,  tft94. 
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Sews  aad  Notes. 


Taleaeope  for  the  lUiooi*  WeaUyao  DnlTMBitj'.— An  ISivinch  equatorial' 
tor  provideil  with  dririnf;  clock,  circk-ft  and  2-inch  iin(l«r  Iirb  iMrrii  |>fet*otMl  U 
niinuia  WeslcvRii  Uuivtrrsity  of  DloumttiKtou,  111.,  by  Mr.  A.  C  Bciir  a  fu* 
rcniOcnt  of  tlmt  city,     [t  U  of  the  Newtunmn  fcirm,  fix'al   length    in 
SoDK  cbnnRCS  will  be  made  in  ita  mouniJD};  auil  a  visual  and  photojjrai 
trQsco|)c  nrlilnl. 

A  pnsitiun  mirmnictrr  and  a  lime  traoait  ha^-c  been  nnWrrd  anil  ibc  &< 
refrnctor  a%ed  hen-tofore  will  l>c  provitlcrl  with  appamtus  (or  viewinj;  the  I 
piORiiiicnccs.    Profcasor  M.  P.  Lftckluiid  will  direct  tltc  wurk  uf  llic  Oltw^rvii 


PnMtMtlou  of  the  Lick  Obsenratorr— Vol.  III.  1891  of  the  puUlcAtk 
Lick  Obiervatory  i«  rwcived.  Tlic  pre»cnt  orguniiittioo  for  astronomical  ^ 
at  the  Observatory  is  Dr.  E.  S.  Ilolden,  Director  and  ABtronoincr,  J.  M.  9i 
\KT)e.  K.  E.  Harnftrd.  W.  W.  Campbell.  R.  H.  Tiicker,  Jr.,  n»tronomer«.  Alte 
Cottcn,  aMistant  Astronomer  and  C.  D.  Perrinc.  recretary. 

The  cotitctit*  of  Vol.  Ill  nrc:  Sclmofin-nphtcal  dtutlic*,  liAted  OO  ni^ 
of  the  Moon  taken  nt  the  Lick  Obw-rvotory,  by  Professor  L.  We! 
Report  on  specimens  of  crown  and  (tinl-jflask  belonging  to  the  Lick  ObM 
tory,  and  manufactured  by  Messrs.  Peil,  by  Professor  C.  S.  Hastings,  Inrca 
lioti  of  the  glass  ecnie  "A"  of  the  Lick  Observntor}*  measuring  engine,  by  C 
Titlmann.  Spectroscopic  oliscrvatinns  of  nebula-  made  at  Moiinl  HAini 
Califomin,  with  the  3G-i»ch  telescope  of  the  Ltck  Ulwervatory,  by  ProirBaor 
Ketkr. 

The  introduction  by  Professor  Hidden  is  p  description  of  the  optical  par^ 
the  3(}-inch  equatorial  with  some  of  the  accessories  in  use  in  photofrrapbic  «i 
a  detailed  account  of  work  done  in  lunar  photography  and  n  deneiiptioa  of  a 
of  the  very  beautiful  plates  which  the  Volume  contains.  The  pluie  repr 
the  region  alx)nt  Mare  Crisiam  when  on  the  lermininAtor  of  tl>e  31oci 
tainly  the  finest  represent  at  ion  of  that  interesling  field  we  have  ever 
part  by  Professor  Wciiiek  ouxbt  to  be  read  by  everyone  inierettted  in  lunar  I 
ics.  But  the  especially  important  part  of  the  volume  ia  by  Professor  Kedrr. 
have  only  space  lor  the  )tummnr>-  of  his  results  pretalning  to  apectroacopic  o| 
vatioiis  of  the  uebulie  made  white  he  »-aa  at  the  Lick  Observatory.  ^H 
them  in  full  except  the  concluding  note  tis  follows:  ^H 

The  principal  eoitclmions  which  have  lieen  reached  as  a  mult  of  these  in* 
gutiuns  are  summurizcd  below.  Some  of  them  arc  but  a  conGmation.  by  po 
ml  apparatus  and  exact  tncbsurctnents,  of  results  which  bad  been  rend 
extremely  prfibnljle  by  the  labors  of  other  obvrvers.  Ir  i«  on  un'ount  oi 
increased  wri(;ht  which  is  given  to  tlMse  results  that  they  ere  included 
summMry. 

1 .  The  normal  position  of  the  chief  oebnlar  line,  or  jiosUioii  frhicl 
would  hnve  in  the  s|>cctruni  nf  n  nebula  nt  rest  relatively   to  tbe  ot 
A&(K(;.(»5  1  0.03  on  Rowland's  M-alc. 

2.  The  normal  position  of  the  second  nebnlar  line  on  RowUtnd'l 
i  4959.02  i  0.04.  This  line  is  I.3U  z  0.04  tenth-meters  Icsa  rcfrnnsiUlcj 
center  of  the  double  line  ol  iron  at  A  4937.S4. 

3.  The  first  and  tecond  nebular  lines  are  not  reprvacnted  by  absor 
in  tbe  solar  sprctrnm.  ut  least  not  by  any  b'nes  sufficiently  strong  to 
Rowland's  photogrnphic  map. 

4.  TIk  relative  brighmcss  of  these  two  line*  tfl.  within  the  Umtta 
estimation,  th«  same  for  all  nebul«.    Hcnue,  there  ia  some  reason  (ot 


IIihL  ihey  arc  due  tu  the  nanK  unktiown  •uliklancc,  pcrliapa  an  clement  nf  ume- 
wbiit  the  Mini«  nulure  ns  the  6o-valle<1  liclinm 

S.  The  tpedruni  of  the  briRht-liiic  tie>'u1ic  indicates  cither  a  high  lcm|ierii- 
tan  oT  the  gases  cfniLting  the  light,  or  a  utiite  of  strong  electrical  cxatcmeiUt  aod 
fthows  that  the  tcmrKTMture  and  [ircssure  arv  grvally  incrcAacd  nt  the  nui-lcuK. 

tl.  The  distaiu-e  between  llie  Great  NeKuIn  of  Onon  and  the  Suti  i3  inercas- 
Injt  at  the  rate  of  11.0  ^  0.8  milctt  |Kr  scnmtl.  Thif  mult  vtiowa  that  the  nebula 
has  litdc  nr  nu  mntinn  nclntivrlr  m  the  center  of  figure  <>r  ihr  utars  frunt  wtaoiw 
proper  motions  the  (trift  n(  the  Milar  sviitcm  ha»  been  di'ienninccl. 

7.  Xo  relative  motion  of  difTcrent  ]»iris  "f  the  Ortun  nehtila  could  be  de- 
tected; the  limit  of  accuracy  of  the  nirthnd.  for  the  brighter  paruuf  the  DcbnU. 
being  something  lihe  4  or  .<>  niilea  per  iccond. 

a.  TIk  nehulie  are  mMring  in  Apace  with  veluciliei  oi  the  name  order  ni 
those  of  tiK  «tant,  \  tnble,  «howiiig  the  mcnvured  relocittcn  of  particular  ncbuls 
in  the  line  of  sight  ix  giv-en  cIsewlKre.  Of  the  nebulie  obsTTved.  Hint  having  the 
greatesc  motion  of  appr.3ach|  403  miles  p^r  second,  is  G.  C.4ST3:  that  having 
tlie  greatest  mutiun  of  reoei"ion.  30,1  inilrt  per  •econd,  la  N.  G.  C.  G790.  Most  of 
the  T>rbu1ir  hnre  considcralily  smaller  velocilien  than  these, 

0.  Tlie  only  direct  nttempt  to  detect  rotntifit  of  n  planetary  nehnla  gave 
the  negative  result  that  there  was  no  dinennitial  motion  of  opposite  limbs 
a>nimntiiig  to  as  much  as  T  or  M  milcn  a  second. 

10.  The  visible  spectrum  of  the  nucleus  of  a  plunelory  nebntn  has  In  many 
cases  a  strong  rr«enih1ancc  to  that  of  Star*  of  the  Wolf-Rayet  claM.  although 
the  two  principal  nebular  tines  are  atiwrnt  from  the  latter;  and  still  other  diSi^r• 
eiiccs  e\i>t,  the  Itnportnni'e  of  which  cannot  at  prewnt  Ik  exactly  estimaleil- 

The  observations  which  have  been  ilescriljcd  in  this  pajjcr  were  intended  to 
form  part  of  a  more  extended  resrarL-h,  which  was  brought  to  att  end  (hu  f;ir  ns 
my  owii  part  in  it  wan  conixrnrd)  by  my  rcmoral  from  Munnt  Hamilton  to 
Allegheny.  I  have  to  express  my  ohtigalioiu  lo  I'rolcssor  Hnldcn  Cor  rvcr>-  en- 
courngcmcnt  in  the  work,  and  for  ercrr  lacilitr  in  it»  pro'Mrcution  which  lite 
equipment  of  the  OlMcrvatory  could  luniiah.  I  have  also  to  thank  Mr.  \V.  W, 
Campbrtl,  then  of  tbe  rnivrrsity  of  Michigan,  and  now  of  iIk  Lick  0l>4ervntory, 
and  Mr.  A.  0.  l^uKchnrr,  of  thd'aiverjiity  of  California,  for  their  ctBcieat  aid  m 
the  oliaervations  during  the  summer  of  18&0- 


ObserYsUoos  of  Jtsti.— The  currml  number  n(  il«  Oharrvatory  contaiiiii  a 
short  article  in  which  Mr,  St.inley  Williams  dinrcmnttirntionto  certain  impurtanl 
fealures  of  Mam,  whk-li.  it  will  I>e  reincnilirtcd,  io  in  opjioftitton  on  Satnrdny, 
With  rrgard  to  the  cnnale  or  channels,  he  rcmnrkB  tbnt  a  few  points  npon  which 
obwrvniioiTS  are  desirable  are:  "How  far  is  the  visibility  of  the  canals  indifferent 
parts  of  the  planet  aflectcd  by  seaiMinal  changes?  Their  dnplicntion,  when  doe& 
it  occur?  How  long  docs  it  last?  How  does  it  occur?  And  again,  bow  (or  is  it 
subicct  to  seasonal  changes?"  Mr.  Williams  commenced  olMcrvattons  in  the  lat- 
ter part  of  August,  and  be  found  that  the  plainer  canals  were  conspicuous,  and 
even  those  of  average  distincinewt  could  l»e  nccn  without  much  difficulty.  At  lite 
date  of  writing  (September  IS)  he  had  observed  about  tturty  of  the  canals,  nl> 
though  only  about  lw'>-tliird8  of  the  planet's  £icc  had  been  cxoniiiKil.  Ganges 
was  seen  dnnhk  on  August  :!0,  but  not  so  clearly  as  in  1H02.  Oehon  was  also 
seen  plainly  double  on  the  same  date.  Three  other  canals — Bnno.itofl,  Cyclops. 
and  Cerberui^were  foui:d  disliDctly  duplicated,  and  the  gemination  of  Phison 
was  suspected.    The  obserration*  were  made  almost  exactly  at  the  time  of  the 


stRnmcr  solstice  of  Mara'  aooihem  hcmiaphcrc.    Nfr.  Williama  has  oli«er\-i 
amBll  dnrk  spots  similar  to  tbc  "  lakes  "  (Ictectctl  hy  I'rofcssor  W.  11.  Pi 
AiT(|uipa  in  1802. 


The  Algol  V«rlitil«  discovered  by  Dr.  Uartwig,  19  B.  D.  +  16* 
error  in  traitslfiting  Trom  atde,  it  wns  nnnounCT<]  hy  me  lo  be  B.  D.  +" 
Will  ;ou  kindly  note  tbc  correction  ?    The  period  of  the  star  is  givca  as  ! 
onds  less  than  2  doys.  john  BrrCBU 


From  C«uda.— Prorcssor  Holdeii  of  the  Lick  Obscrvntory  has  Torwar 
third  valtmie  of  the  reports  of  the  Lick  Ohscnratory  to  the  Atitronomi 
Physicnl  Society  of  Toronto,  Cannda,  and  the  vrork  wfis  liichty  sfiokett 
recent  meeting  of  the  Toronto  society.  There  are  contained  in  the  boo 
raatfnificrnt  bcliogrnrurc  plates,  from  negjitires  of  the  Moun  taken  at 
Humilton,  which  may  be  considered  the  most  perfect  reproducttons  errr  d 
Mr.  A.  Elvititi.  of  the  A.sironomical  and  Physical  Society  of  Tomnlo.  C 
has  been  working  inditatriously  on  the  ptaact  Mars  with  the  &ioch  r<*n 
the  Toronto  Observatory.  As  n  result  this  gentleman  has  presented  to  hi* 
a  number  of  drawings  of  the  ruddy  orb.  ColorinKS  of  the  diTerac  part) 
Martial  disc  nrv  (nithfully  shown  in  ibcsc  delineations,  hot  tl>e  m-tilinrol 
in^B,  or  so-called  canals,  do  nut  appear.  Xti  doubt  a  6-inch  nbjcctiraia, 
ficicntly  powerful  to  rcifnl  thoRC  details. 

At   a  rercnt  nu-irting  of  the  Astronomical  and  Physical  Society 
Mr.  J.  K.  Collins  exhibited  wirac  photographs  of  tbc  magitrtlc  liars  of  ford 
liy  sprinkling  steel  tilings  uiiou  sensitised  paper  ptavcf  occr  n  magart,! 
n  short  exposure  to  the  Itgtal-  i»iix  a. 


The  IKass cf  Japiter.— In  A.  N.S249.  Professor  Newcomb  hasanarticli 
gives  valuable  intormatioa  cnnceming  the  mass  uf  Jnpiter.  Its  coacludi* 
grnpli  is  ns  follows ; 

Tlic  following  table  shows  the  vatnes,  and  the  relative  weights 
hare  jndged  ciich  one  entitled.  I  do  not  deem  it  necessary  nt  the  prei 
give  in  all  detail  the  considerations  wftich  led  to  th;  adoption  ofthcw  weig 
may  remark,  h;iwevi:r,  that  ron  llacnltl'ii  excellent  resalt  from  the  pertart) 
of  Winnccke'9  cimct  which  has  by  far  the  smallest  probable  error  uf  any 
inination  yet  made,  has  not  been  asaigiicd  a  corrcsp-jndtug  weight,  bccsiu 
distrust  on  luy  part  whether  observations  oti  a  cnmct  can  be  considered  i 
ing  always  been  made  on  the  centre  of  gniTity  of  a  well  defined  mass,  mui 
it  its  center  were  a  material  point  subject  to  the  gravitation  of  the  Sun  urn 
cts.  This  distrust  sccnia  lo  nie  lo  be  Hmply  jnxtiiteil  by  our  general  cx|>cd 
the  failure  of  comets  to  move  in  exact  accordance  with  tlieircphrmeridei 
mass  of  Jupiter  from 

All  observations  on  the  satellites. .^^1047. 

Action  on  Puye's  comet  ( MOIIer) 1047. 

Action  on  Thcmix  {KriK-ger) „ 1047. 

Action  on  Sntiirn  (Hill) .'. » ..„.  104'7J 

Acl  ion  on  Polyhymnia , ,.„ „.«.«.».  1047.1 

Action  00  Wirinecke's  comet  (T.  Haerdt]}».»...».....» »...        1047.! 


Weighted  cnesn. 


lOiTJ 

ni.c.  t. 


News  aud  Xotea. 


787 


I  pmpnsr  to  rr;;nn1  this  muss  of  Jupiter  as  a  dcAnitivc  one  to  be  ado)itcd  in 
my  work  OH  the  pianctary  tltcorics. 

In  the  )nterc«t  of  the  (Ulronomy  of  the  future,  it  seems  rcry  «Je8irMl>ic  to  aiJ* 
ply  Gill's  tMliomctcr  method  to  ifac  coatinuous  obscrrattoii  of  a  selected  number 
of  the  minor  planets,  npecially  Polyhymniu.  I  inelnde  tliis  plnnct,  altliouf-b  it  it 
to  be  feared  that  tc  can  be  rcaebcil  with  the  heliometer  only  at  opposition  iifnr 
it«  peri  hel  ion  < 


Brorseo's  Cotn«t  iBsi  III.— This  comet  first  nppcaivd  in  ibc  month  of  Aufcust, 
iM.'il,  tioving  in  the  ciiiistentilionii  uf  Root  is  and  Draco.  On  forty-one  cvrninKS 
observations  were  mtide,  besides  ntimeroua  measures  of  position  with  micromet- 
ers, and  many  have  been  the  attempts  to  dcdaec  nn  accvmtc  orlnt.  Among  ihcsc 
may  lie  mentioned  Riimkcr  {Astr.  Sath.,  So.  771 1,  V'ngcl  (.Isrr.  Uach..  No.  774). 
Rrorwn  {Antr.  Sitch..  No.  775).  ond  Tutilc  {Astr.  Jtittrttal,  II  ),  who  found  )mra- 
holic  elements,  none  of  which  sntislicd  tlic  observations  fiiitTwicntly.  At  a  Itiler 
date  BpjTSen  ubinincr]  ellipiiiul  clentcnis  (Astr.  A'«c/j..  No.  782],  which  lie  vum- 
pared  with  all  the  then  hnown  observations.  In  the  commuiiicaliou  hcfofc  as,  on 
n  new  detcrmi-iniion  ol  the  orliit  o(  thia  comet  by  Dr.  Kuitnlf  Spiialer  i  Iki.  ttenk- 
Sibfiftea  dcr  Uatb.  !^aturwiss.  C/as5e  der  k.  Ak.  tier  Wissens^banen),  the  writer 
maltc*  n»c  of  tome  new  nliAcTvaltonn  aiMlmon:  aixurntc  plaeen  for  the  eomjMiTison 
stars.  To  hmit  Ihte  note  we  will  slate  in  a  few  words  the  result  he  has  o1»atned. 
The  most  proixible  parubuliv-  elements  after  two  or  llirce  "  vert»c»*erun)icn  "  were 
r  =  1851  Aui:tisL  26  23l>3  Pons  Maui  Time 


w  =  316    57     2571 
W=223    40    -ilSjBti.  lA&l.t>. 
/=     as     12    57.5) 
log  q  —  U.y»332"2 
An  attempt  to  improve  this  le<l  to  elliptii.'  ek-n»ent»  «S  tolluwt 
r  =  IHol  August  20.2'k09UT  Pans  Mean  Time. 


«  =  31l)    57    1*1.21 
)j=223    40    331*1^1.  IH31.0. 
i=    3H     12    52.lt) 


^^^      All 

^^^^^M  log  7  =  » 

Both  these  elements  Kiveeiihcmerides  which  aBrce  well  with  IIk-  ottservntions, 
^^  and  can  he  looked  npon  Asnccnriite  wilhm  the  limiluf  error  of  tbenliservntionii  — 
^B       Aatarv,  Oct.  IS,  IR94. 

^H  The  Moon.— The  map  oi  the  Moon,  compiled  by  Jules  A.  Cola*  and  pubhslied 

'  by  Meitsr*.  Poulc  BfotlKTS,  of  ChieaK",  is  now  nearly  midy  for  general  sale.     We 

have  Iwfore  calletl  the  atlciilion  uf  the  renders  of  this  muKaJEinc  to  thia  imimrt.int 

aid  to  lunar  study.     The  mnp  is  now  i|uite  complete  aud  a  copy  ifl  before  m,  and 

wcenn  speak  of  it  more  definitely  than  lielore- 

Tlteaiurol  the  map  in  '2  lert  by  211  incbea.  It  is  mounted  on  heavy  paiicr  which 
tfi  cloth-lined  on  the  l>ack.  The  iMtcbfjroimd  for  the  lunnr  disk  is  n  deep  blur. 
which  well  re|>resciiU)  tl»e  color  of  the  sky  in  ful!  moonlight.  The  diameter  of  the 
disk  is  a  little  more  than  20  incites.  It  was  made  so  large  that  all  the  prominent 
featutea  on  the  tturfacc  might  he  nxtl  defined  in  character  and  he  pininly  nnmltered 
for  easy  reference.  There  arc  nenrly  five  hundred  and  fifiy  socb  leotures  presented 
on  this  map,  besides  a  fjrent  number  uf  others  of  less  importance  that  arc  never 
named  on  any  map.    The  marktnjj*  that  ure  named  are  so  clearly  and  neatly 
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tlcnifpiated  that  the  mnp  in  utrll  aclapteil  for  clnx^  uars  in  stu<)y  «r  If 
Admirably  well  suJW'l  fur  the  public  nr  private  libraries  ns  a  reference  mj»p. 

After  consiflcrnblc  etutlj  ul  ilie  Kliniliti;;  on  Ok  dirk  to  repn-ftrai  th 
plateaus,  mounlaitis,  craters  aiiit  streaks,  wc  are  glad  to  any  that  tbc  c< 
has  more  nearly  represented  the  true  avcrflgc  color  of  these  (entttre*.  ■»» 
by  the  tekrvopc,  rcgiii-dleH»  of  lunar  phnac,  tlinn  u  fouud  on  iiny  aimiU 
of  the  Moon  we  know  of  Although  gutdetl  by  eiecllent  lunar  |jltotDjrr| 
getting  these  slightly  raryinjjshnJes.oo  one  knuws  letter  iltnn  the  cumpil 
tiilfiL'uU  it  is  to  correct  the  errors  of  u  phatoj^raphic  pivliirc  which  nlM-uva 
the  Kens  too  dark  and  the  plateaus  ton  bi-t^ht.so  ns  to^rt  u  tntc  relitiion  < 
for  all.  In  Ihia  wc  think  lie  hns  siiceeedcd  ndmimbly.  In  [rlioLugrHplu 
Moan  it  is  very  difTicult  to  jctl  any  Imi  the  most  prominent  mnrkinga 
tiottoui  of  the  seas  or  cratcrH,  be^nusc  n  Iciij'th  ijf  expokure  thai  would  kIiu 
dctatl»  \rould  di-^troy  idl  markings  on  the  plateaus  by  over  exfiosan:.  Bat 
map  the  student  will  be  pleniteil  (o  notice  that  a  Rreat  variety  of  marl 
(lulating  surface  is  reeordc^l  <>ii  every  sen  bottom.  This  will  ntakc  " 
alistic  in  a  large  sense  to  those  wlio  linve  the  aid  of  a  telescope. 

The  hardest  thing  to  get  in  utich  a  picture  a*  ihi*,  are  the  itreaks  thati 
from  the  great  moimtuins  Tychw,  Copenm-m.  Ke|>ler  and  nuinc  others.  Til 
fairly  well  Eiven.  even  better  thiin  photogrnplw  K<^)emlly  show  them  I 
pha»e,  yet  the  diffeicncen  bet  wren  the  ny  si  tins  of  C<i[icmii-aK  nnd  Kepler  ad 
even  in  n  small  telcfcope.    This  difleience  w  of  no  consetjueuLT,  however. 

E resent  knowledge  of  the  ranws  of  these  great  marktnip  on  the  surface 
loon. 

Wc  especially  (.ummend  tht»  new  map  of  the  M<'>on  to  all  iritereslcil  ii] 
studies,  for  wc  a<>  oot  know  of  another  k>  good  and  complete  nt  so  siu<|niM 
as  thnt  asked  by  the  jmblisbcra.  ^M 

An  ExeicUe  Book  Id  Aleebia,  by  Matthew  S.  MeCurdy,  M.  A.,  cnntafi 
pn};cs  of  excivise^  intended  as  suppterrtcntnry  drill  work  and  adapted  Tor  ul 
nny  text  of  mrriium  f^rade;  it  also  sitttcs  A  few  drfinilions  and  brief  rule 
thus  bci'omes  suitable  for  u«c  in  general  review  work  on  the  snbject  of  al 
At  its  close  is  A  ^ncs  of  specimen  examination  papers  from  Icotliu):;  i-i: 
The  (lent  biiiHin;;,  escttlcnt  pHjier,  and  cU-nr  type  mHke  the  volume  jin  atti 
one ;  the  exercises  in  th<Hr  grading  and  nmtngvineni  htc  the  evident  wurk 
txperienced  teacher.  The  hook  is  ndniirnbly  ndnpted  to  meet  the  tieed  w| 
has  in  view.     I'ltblishcn';  l^nch,  Shcvvell  and  Sanborn.     Price,  GO  cents. 


Stti  Names  and  Ktanlngs.— Richard  H.  Allen  is  prcpflrin};  a  hook  to  b« 
Star  Names  and  MrntiinK>-  We  have  litforc  us  »iirnplc  J>»;ic«  taken  fniil 
part  ol  the  bonk  which  treats  of  the  consiellationH.  A  brief  histury  of  the 
of  the  consul  I. ition  in  eivcn  6r»t.  tlum  followt)  ii|Kctil  notice  of  each  uf  ibe  | 
ncnt  stats  l«clon)jin>;  to  the  consiellation.  The  (Ircck  letters  and  the  uamev 
fttars  arc  both  giveu  in  heavy  fuced  type  !to  att  to  be  easily  eaitifhi  on  the  M 
the  eye.  and  the  hi^itorical  nicnnini;  of  the  names  is  quite  fully  prr)>^ntt-d.  Nl 
is  given,  in  these  piiftn.  on  the  pro  a  unci  a  lion  of  the  naint-H  nf  the  more  fa 
stars,  This  is  to  be  rc;:reited  for  thuL  i!>  oneof  the  lavkini:  ihinK&  in  almunt 
book  about  tbc  stars.  On  the  whole  these  advance  leaves  promise 
work  will  be  looked  for  witb  intereat. 


Solid  Geometty  by  Arthtir  Lathnm  Bfiker,  I'h.  D,.  is  a  compncl,  con4 
hand-lKK>k  of  the  elements  of  solid  geometry.    Its  notation  is  new  aotl  cftl 

iilanned  with  «  view  to  increased  ciearitens;  its  demonstrations  arc  brief  «■ 
ng  given  under  the  live  distinct  heads.  Nutation,  To  Prove.  ConttnK 
Analyns,  Proof.  Test  exercises  are  found  at  the  close  of  each  chapter  Ort 
the  caxc  of  the  brief  closing  chapter  oa  conic  section*.  Tlx  author's  one  nl^ 
secure  for  tlw  student  a  comimrhensive.  unified,  working  knowledge  of  tlM 
dpies  of  sniid  geometry.    Publishers ;  Ginn  &  Co. 

Brra(um.—Unc  20  from  bottom ofpage  744  fthould  read  3&21.32  and  3S 
initead  of  3821.32  and  3821.3^. 
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PHOTOGRAPHS  OP  A   REMARKABLE  COMBT.' 
B.  B.  BARNAKIt. 


k 


Mr.  Kaiiyarcl  Ii«s  i>ublivlicd  in  the  Fcbruofv  1H1)4  nunilicr  of 
A'noiv/ct/^'e,  two  photographs  of  the  set  whicli  1  odmined  of 
Brooks'  OctoWr.  IH'.tS,  Comet. 

These  two  were  iiiade  on  the  dates  C)tflol)er  21  and  'J'2.  They 
show  the  retiiurkahle  dtstiirliance  which  utterly  tranfifornied  the 
tnil  of  the  comet  in  the  24  hours  inttTVcniiig  between  the  two 
pictures. 

In  the  May  ini  miter  of  the  same  journal,  Mr.  Kaiiynrd  has  ngaiu 
reproduced  jiuadiiiirableenlarjitnicntof  the  picture  of  October  21. 

Of  the  set  of  fifteen  iiiuhis*  pholo>;raphs,  these  two  are  jierhnps 
the  most  startling  pjciureti.  Many  of  the  otheis,  however,  are 
extremely  remnrkidik*  and  some  arc  very  beautiful.  One  of  Uicse, 
<jfi  XoTeniber  KUh,  though  it  does  not  present  any  startling  fea- 
tarcs,  is  neverihelej^s  so  gracefully  beautiful  tliat  1  have  tboujfht 
the  readers  of  Astko.souv  .\sv  Astro-Fiivsics  would  be  inler- 
cste<l  ill  seeing:  it.  I  have,  therefore,  made  an  enlargement  of  ic 
which  aeconipnnies  this  article. 

This  enlargement  is  2[\  times  the  origiuul  size,  and  is  on  the 
scale  of  about  0''.9  to' one  inch. 

In  this  |)ieturcit  will  be  noticed  that  the  star  trails  (produced 
by  malting  the  telescope  move  with  the  comet)  are  very  irregular 
and  broken.  The  comet  was  faint  in  the  guiding  telescope  and  no 
nucleus  coidd  be  seen  to  guide  by,  so  that  it  was  impossible  to 
accurutcly  follow  its  motion;  tliis,  however,  does  not  effect  the 
image  of  the  comet  itself 

In  the  present  photograph  the  phenomena  apparently  seeni  to 
I>e  due  to  peculiarities  of  enitssion  from  the  nucleus  alone.  The 
head  is  small  and  round,  with  n  slender  neck-like  tail  that 
branches  out  into  three  beautiful  fan-like  streams  some  18'  from 
the  head. 


*  Commtiiucatcd  by  tlic  nuthor. 
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Comet. 


TIic  central  strenin  forms  the  main  t;'il  wliicli  can  Re" 
six  degrees  or  more.  This  tiiii  is  cloutlcd  here  and  tlicre. 
equal  masses  of  matter.  A  prominent  one  of  these  mas 
noticed  nearly  S'^  back  from  the  head.  Beyond  this  the 
out  rapidly  and  4Vi"  from  the  head  is  almost  disccmlinuoi 
yond  this  weak  spot  it  again  brightens  tip  as  a  prominent 
gated  mass  almost  wholly  detached  from  the  tail.  A  s| 
mass  to  this  is  shown  on  several  dates — especially  on  Nov( 
11th  and  12th  completely  detached  from  the  tail  and  whirl 
he  the  same  object  of  Novcmher  10. 

On  the  plate  of  November  6,  a  large  mass  one  dcgi 
shown  about  6*^'  from  the  head  and  completely  detached; 
tail. 

There  arc  many  other  intcrestingand  important  features  si 
on  the  various  photographs,  each  one  of  which  would  be  in 
a  stuily,  but  at  present,  nntil  I  can  place  all  these  pictures 
erly  before  astronomers,  it  is  not  possible  logo  into  detail 
ceming  them. 

Though  this  comet  was  n  small  aftair  visually,  and  npf 
of  little  consetjuence  beside  many  of  the  great  comets  of  i 
j-ears,  it  unquestionably  far  exceeded  any  of  them  in  the  He* 
of  the  phenomena  it  photographically  presented. 

It  seems  to  have  been  pnitsed  unnoticed  by  photogrt 
tronomers  elsewhere,  which  makes  the  Lick  Observntoi 
solutely  priceless. 

Like  Swift's  comet  of  1802  the  photographs  of  tf 
mark  an  epoch  in  cometary  photogrn])hy  as  decisive  tu 
purtant. 

In  reference  to   the  remarkable  shattering   of  the  tii 
comet  as  shown  on  tlie  photographs  of  Oct.  21  and 
suggested  that  ihis  might  be  due  to  an  encotuiter  of  the 
some  kind  of  resisting  me<linm — a  cosaiical  cloud — a 
meteors — certainly  a  region  of  resistance  of  some  foi 
firmly  adhere  to  this  supposition.     Mr.  Ranyard.  howi 
interesting  and  important  article  on  •"  liTcgnlarities  in  ^ 
of  Comets"  in  the  Fcbrtiary  Knowledge  referred  to* 
other  explanations  that  in  the  main  seem  to  me  to  verd 
lorily  acconiit  for  the  appearances  of  the  tail;  but   be_ 
Bumes  a  resisting  medium  and  differs  from  me  principal 
manner  in  which  he  supposed  this  medium  to  act  on  the' 

As  his  remarks  will  Iwar  u])on  many  of  the  phenomenoj 
etH  t  will  here  quote  a  portion  ef  his  paper. 

"  "  *  '  IVofessor  Barnard  has  noticed  the  detached  oil 
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pleiely  separaLvd  from  the  end  of  the  tail  on  the  22d  of  October, 
and  llic  rest  of  llic  tail  iti  the  photograph  taken  uii  the  22(1  of 
October  is  broken  into  fragments,  indicating  short  spasmotic  out- 
bursts, during  which  matter  must  Iiave  been  driven  away  in  con- 
siderable quantities  from  the  nucleus,  followed  by  quieter  inter- 
vals. 

That  these  outbursts  were  of  comparatively  short  duration  is. 
I  think,  proved  by  the  slight  cui-\-ature  of  the  tail,  which  indicates 
tbat  the  motion  of  the  nucleus  was  not  considerable  during  the 
tinte  occupied  by  the  passage  of  matter  from  the  nucleus  to  the 
end  of  the  tail. 

On  the  other  hand,  the  velocity  of  the  matter  of  the  tail  away 
from  the  nucleus,  does  net  seem  to  have  been  sufficiently  great  to 
disturb  the  definition  of  the  notches  on  the  edge  of  the  tail  in  the 
thirty-five  minutes  during  which  the  photograph  wns  exposed, on 
the  2lst  of  October. 

Such  rapid  changes  in  the  amount  of  matter  driven  away  from 
the  nucleus  would  seem  to  point  to  an  irregular  evolution  of 
energy,  such  as  might  be  caused  by  the  passage  of  the  nucleus 
through  an  irregularly  distributed  resisting  medium,  rjitlier  than 
to  the  evnporaiion  of  matter  due  to  a  stendy  increase  of  heat  on 
approaching  the  Sun. 

The  notches  and  inregulurities  in  the  edge  of  the  tail,  as  well  as 
the  branching  structures  in  the  phutcgrafib  of  the  21»t  of  Oc- 
tober, seem  to  mc  to  point  to  outruslies  of  matter  from  tJie 
nucleus  through  a  resisting  nie^linni,  in  different  directiors,  which 
nutrushing  matter  has  afterwards  been  driven  away  from  the 
Sun,  rather  than  to  a  disturbance  of  the  regular  form  of  com e- 
tary  tail  due  to  an  encounter  of  the  matter  in  the  tail  with  a  re- 
sisting medium  at  a  distance  from  the  nucleus.*  "  *" 

At  the  request  of  M.  Brcdichin,  Director  of  the  Pulkowa  Ob- 
scfvatory,  a  full  set  of  the  photographs  of  this  comet  has  been 
sent  to  him  by  the  l.ick  Observatory  through  tlic  courtesy  of  the 
Smithsonian  Institution.  M.  Brcdichin  wishes  to  see  how  far  the 
phenomena  of  this  comet's  tail  wilt  conform  to  his  theories. 

A  set  has  also  been  sent  to  the  Koyal  Astronomical  Society, 


PHOTOGRAPH  OF  M  B,  AND  THE  TRIFID  NEBULA.* 


a.  t)    UARNAKD. 


In  lapping  my  photographs  in  the  southern  part  of  the  Milky 
Way,  I  have  repeatedly  secured  impressions  of  the  Trifid  nebula 

*  Comiiiunicacn]  by  the  anthur. 
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and  MS.  The  latter  object  which  is  seldom  mentioned,  w  Taj 
remarkable  than  the  celebrated  trifid.  It  is  a  jireat  mass  ol 
losity  mixed  up  with  mmiy  bright  stars  and  is  a  iKauttful! 
in  a  Rood  telescope — ihc  stars  shining  freely  in  the  nebuj 
and  especially  rich  in  the  following  and  fainter  porlionl 
nebulosity  is  heaviest  preceding  the  center.  In  the  iollomaj 
of  the  nebula  is  a  conspicuous  star  on  tlie  following  cfl 
small  very  black  hole.  ! 

The  impressions  of  MS,  and  the  tritid  have  always  Iiflp[)ei 
fall  near  the  edge  of  the  plates,  as  I  was  not  intent  on  ftr 
picture   of  the  nebula;  but  to   secure    impressions  ol 
clouds  of  the  Milky  Waj-  in  this  region. 

1  bavc  selected  the  Inrst  image  among  these  of  the  t^ 
and  ha^x  made  an  enlargement  of  it,  which  aceompnl 
paper.    As  tlie  nebula;  are  to  one  side  of  the  plate  the  sta 
not  round  but  are  elongated  by  the  distortion  of  ihe  ticld. 

In  this  enlargement  MS  is  shown  to  l>e  a  very  singula^ 
an  unequally  condensetl  mass  of  ucbulosily  mixed  w{ 
bright  stfirs.    Its  southern  edge  is  singularly  well  defii 
several  saw  tooth-like  projections.    The  small  star  an< 
hole  in  the  following  part  of  the  nebula  are  well  shown.^ 

In  a  i>aper  doled  18tf2,  July  8.  on  "  Photographic  Ncbi 
and  Groups  of  Nebulous  Stars  "  which  was  printed  in  .-I 
No.  3111,  I  have  called  attention  to  the  apjiearancc 
these  photographs. 

"The  singular  n»ixture  of  stars  and  nebulosity,  MS,  is 
several  of  the  photographs  and  is  a  very  remurkab 
Bast  and  west  its  diameter  is  about  45'  and  north 
sunic  42'.    The  southern  siile  Is  sharply  defuietl  and  serr.nil 
three    distinct   pointed  projections.    From   its    north  folI< 
corner  a  wisp  of  nebulosity  extends  nearly  to  the  grotip 
lous  stars  just  mentioned,  and  possibly  with  a  longer 
would  be  found  to  connect  with  Cheui." 

\  diagram  of  the  group  of  nebulous  stars  mentioned 
the  above  number  of  A.  S.    One    singular  thing  a1 
patches  of  nebulosity  is  that  iliev  each  inclose  from  tw^ 
stars. 

I  think  the  supposed  connection  of  MS  with  the  groa] 
lous  stars  by  the  nebulous  wisp  is  real  but  the  wisp 
faint  just  before  it  reaches  the  nebulosities  chat  tlic  actual  ct 
tion  is  not  positive.  In  the  enlargement  this  faint  connt 
wisp  is  diffused  and  lost,  though  it  is  easily  seen  on  the  origi 

In  the  present  picture,  the  trilid  nebula,  which  is  the  ami 
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northern  of  the  two,  is  very  well  shown  and  the  various  dark 
luncs  that  ramify  it  are  conspicuous. 

The  enlargement  is  about  3V^  times  and  the  scale  about  I  inch 
=  0^5. 

Mt.  Hamilton.  189*.  Oct.  20. 


THE  A5TROXMBE.- 

A  Suaiu.utY. 


MAKnARDT  L-  lIUdGINR.  Lihdom.  BxnlUHD. 


"  I  anta  but  a  .  .  .  coinpiliitourof  tbc  labour  o(  oldc  AstmlOKimn.  .  . 
I  piry  iiiwkly  cvciy  ciiK-rft  (KrHinf  tlial  rctleth  .  .  ,  Ibis  litH  trrtii  to  have 
my  rcwtic  cndytiiig  h>v  cxmwcil.  .  .  . 

— CnircHR  [Treatise  aa  the  Astrohhe.  Prologusl. 

It  would  be  (lifficuU  to  sny  anyt))ing  new  at  the  present  time 
about  tlie  Astrolabe:  hut  it  is  by  no  meiinsonly  what  is  new  that 
is  worth  sayinp. 

Much  interesting  and  ever  precious  intellectual  treiistirc  is  con- 
tinually l>eing  lost  through  forgetfuhiess,  and  becomes  in  a  rcmsc 
again  new  ifraithfully  set  forth  once  more. 

\Vc  live  it  is  true  in  the  present,  and  in  it  we  have  to  act :  but 
the  present  is  the  child  of  the  past,  and  intimate  knowledge  of  its 
achievements  and  failures  not  only  makes  clearer  our  {>ereeptiuu 
of  the  continuity  of  human  effort  and  the  progressive  advance  of 
humanity,  but  may  often  guide  us  with  many  a  hint  good  for  the 
present,— good  for  the  future.  Expenentta  <JoccV.  the  past  ts 
concentrated  experience. 

The  idea  of  this  paper  Js  quite  unambitious.  A  perfectand  very 
charming  Astrolabe  having  been  givento  Dr.Hugginsand  myself, 
I  have  been  led  to  consider  the  Astrolabe  more  closely  than  1  had 
hitherto  done;  to  look  into  its  literature  of  "old6  bokis  ;'*  and  to 
examine  many  Astrolabes.  I  have  found  the  subject  so  fasciimt- 
ing  that  it  seemed  to  me  a  short  paper  summarizing  the  leading 
historical  and  structural  particulars  relating  to  the  instrument 
might  be  usehd  as  well  as  interesting.  The  Suraman.-  is  the  out- 
come of  study  of  ray  own  ;  but  I  frankly  own  thnt  I  have  worked 
into  it  whatever  struck  me  in  my  reading  as  of  value  for  my  pur- 
pose. Let  not  anyone  feel  robVa-d  !  I^t  all.  dead  or  living,  from 
whom  ]  have  horrowed.  be  wise  and  call  my  procedure  "convey- 
*  Comminiknted  bv  the  outlior. 
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JDg,"— convej-ing,  to  lite  end  thai  llicre  may  be,  as  oil 
TUomas  Bruwne  hath  it, — "no  tnono|]ul,v  but  a  communitj 
leaniing." 

Iti  illustrating  the  sLracturc  uf  the  Astrolabe  I  have 
own  instrument,  imrtly  on  account  of  its  I>eauty  and  \>ct 
partly  l>ecause  it  is  of  a  very  usual  size.  I'lates  XXX\'I,>i 
and  XXXVIII  represent  its  back,  front  and  four  intcri< 
or  plates.  It  is  made  for  about  latitu<~le  3'J^  N.  In  dial 
measures  just  5  inches,  while  it  has  a  length  of  a  little  ovcr_ 
is  %-iiich  thick,  and  weighs  2  lbs.  2  oz.  The  nmtcriul  is  b| 
workisrersian  inscril>ed  in  Arabic, and  itdatcs  prxhably  ff 
beginning  ol  llic  ISth  cculury.  The  engraving  on  il  is  excellent 
the  ornament  introduced  is  skitirully  relieved  with  slight  retro 
work.  It  \s  Very  similar  indeed  in  design  and  in  workttianshi] 
a  small  scale,  to  the  splendid  Astrolabe  of  Shah  Ilusnin.  Kin 
Persia,  now  in  the  British  Museum,  which  was  made  A.  D.  t 
(A,  H.  1124-)  nnd  which  is  not  merely  the  only  "comph 
(TAnmi)  Astrolabe  known,  but  is  .'dso  probably  the  mniit  bg 
fill  one  existing.  ^^ 

Tlie  usual  material  for  Astrolalnrs  was  brass:  but  sonSHI 
they  were  ol  gilded  copper,  or  of  hard  wootl;  and  sometimoTj 
inlaying  was  used.  The  size  varied  much.  The  largei^t, 
seen  is  one  in  the  British  Museum  made  in  London  at  thj 
the  l^th  century  having  a  diameter  of  almiit  18  inch 
next  largest  I  have  seen  is  the  one  ol  Shah  Husain  already  | 
to.  the  diameter  of  which  is  l(i  inches.  There  were  rnani 
of  7  or  9  inches  diameter:  some  much  smaller,  of  3  or  31 
None  I  believe  have  had  a  diameter  less  than  2  inches.  Ui 
whole  the  oriental  ones  are  the  most  beautiful;  bi 
Euroiiean  ones  are  also  ornamented;  while  some  oricntatj 
are  very  plain.  ^H 

The  student  of  aesthetics  indeed  finds  much  to  delight  lui^i 
study  of  Astrolabes.  The  singular  suitability  of  the  instrun 
for  artistic  treatment  seems  to  have  inspired  more  or  less  c 
maker. — even  in  times  when  most  instruments  were  touchetl  i 
beauty,— and  it  is  rarely  that  one  meets  with  a  si>ecimen  will 
some  peculiar  charm.  The  two  parts  upon  which  artistic  in 
tion  and  skill  were  chiefly  lavished  were  the  Kursi  and  llie  , 
(see  Plates  XXXIX  and  XXXVI).  But  the  sulwidiary  jmrU 
often  very  interesting,  and  in  some  French  Astrolabes  the  codj 
signs  are  given  in  animal  and  human  forms  which  are  exceedii 
elVcctive.  (trieiitHi  characters  lend  themselves  of  course  admin 
to  artistic  effect,  and  in  oriental  Astrolabes  texts  from  the  K< 
arc  often  (surely  most  suitably)  introduced. 


Astrolabes  are  of  two  kinds,  spherical  and  planispheric.  This 
paper  deals  unly  with  the  latter  to  which  the  term  Astrolabe  in 
the  Ifith  and  17th  centuries  w:is  prnctically,  exclnsively  applied. 
The  general  appearance  and  structnrc  of  the  instrument  will  Ijc 
understood  from  an  examination  of  I'lute  XXXVl,  (face)  Plate 
XXXVIl,  (back)  Plate  XXXIX  (index).  It  consists  essentiaHv 
of  a  single  piece  of  some  weij-lit  with  a  hollow  oti  the  tkcc  side 
into  which  fitted  certain  Tables  or  Plutes,  and  an  upijcr  piece 
called  the  Kete.  The  weight  of  the  Astrolabe  saved  ihe  use  of  u 
phinil)-Iinc.  Plate  XXXIX  ;jivcs  an  index  to  the  ];arLiculdr  parts. 
The  Hcte,  which  formed  the  face  of  the  instrument  (see  Plate 
XXXIX),  had  the  names  of  certain  stars  on  its  pointers  or  pro- 
jecting pieces,  and  ihe  tip  of  each  pnyection  was  \inderstoml  u* 
give  the  star's  centre.  The  A'c(e  rotated,  nod  ihe  ninincantars 
and  azimuths  of  a  taifle  placed  iititleriieatli  it  can  be  seen  throuKh 
the  reticulations  for  fixing  the  positions  of  stars.  The  inner  circle 
t}(  Ihe  Rctc  contained  the  Kotlincnl  si^ns  in  degrees. 

I:  is  not  possible  in  this  Suuininry  to  go  into  minute  details,  hut 
a  few  notes  in  addition  to  thosesn|j|)lied  in  Plate  XXXIX  nia.v  be 
acceptable.  Movable  indices  arc  not  found  in  Hastern  Astrolabes, 
hut  they  f»ccur  in  various  forms  in  European  instrntnenls.  The  La- 
bel (Plate  XXXtX),  when  there  was  also  a  Rule,  was  used  on  the 
face  of  the  instrument.  The  parallelogran]  on  the  back  is  almost 
■universally  present,  hut  in  Hastern  in.strunients  there  are  no  lines 
from  the  corners  to  the  pole.  A  figure  is  given  in  Plate  XXXIX 
of  the  European  Vtnhra  Rectu  ami  I'erss  parallelogram.  The  par- 
nllelograin  is  for  measuring  heights  of  terrestrial  objects  accessi- 
ble or  inaccessible.  It  is  obvious  that  for  altitudes  greater  than 
4.'^'^  the  base  lines  called  Vmbne  recUe  are  used  ;  and  the  perpendic 
ular  sides,  the  Vmhrac  versa,  for  lesser  heights  than  45'^.  These 
lines  are  divided  into  12  parts,  and  the  terms  Vmhrte  rectte  and 
Vnthnc  Ventw  are  borrowed  from  the  Arabic.  (For  details  of  the 
method  of  working  the  parallelogram,  see  Chaucer's  Treatise, 
Part  II,  5  41-43,  Slteat's  Edition  of  Chaucer's  Works.)  The  upper 
<|UBdrant  of  the  central  figure  in  Plate  XXXIX  contain  sines  and 
arcs  for  various  purposes.  The  arrangement  of  the  back  indeed 
varied  ranch.  The  scale  of  degrees  on  the  circumference  was  of 
course  an  invariable  feature;  and  so  was  a  Zodiacal  circle.  But 
the  other  circles  in  Eastern  Astrolabes  might  have  the  days  of 
the  year;— lunar  mansions,  etc.,  while  in  European  instruments 
there  might  be  circles  of  the  Saint's  days  and  of  Stmdny  letters. 

The  Tables,  Climates,  or  Plates  (see  Plates  XXXVIIl  and  XI.) 
number,  and  also  in  matter.    They  were  always  thin  and  were 


varied  in  used  under  the  Rete — the  whole  scries  ^mcking  into  tlic 
hollow  of  the  AstrolalH',  and  the  unc  required  for  the  time  lidi 
placed  npijermoat.  On  some  Htiropean  Tnbles.a  mapofthrWni 
in  polar  projection  was  given:  lint  they  nsuallr  showed  pnijc 
ttons  of  the  sphere  drawn  for  various  latitudes.    It  was  usual  i< 
mark  the  laiilude  for  which  eaeh  Table  was  constructed,  and< 
the  horizon  obliipius.     Hut  even  without  this  it  is  easy  !o  see  at 
glance  for  whaL  latitude  h  Tnhlc  is  drawn  hy  nxkoninji  the 
grees  from  the  zenith  to  the  S.  point  of  the  equinoctial  or  cqi 
tor,  or  from  tlie  pole  to  the  horizon  obliipius.    The  vcriicnl  ctrcl 
or  azimuths  cross  of  course  the  nlmucanlars  or  latitude  circl* 
and  proceed  by  intervals  of  10  degre«»;  i.  c,  every  10th  aziranti 
is  traewl      Astrological  Tnhles  are  found  on  botli  Eastern   nn( 
AVestcni  Astrolabcsand  relate  usually  to  the  zodiac  and  the  plat 
ets.  In  Northern  Astrolabes,  that  is  those  for  use  in  northern  la) 
tudcs,  the  tropic  of  Capricorn  is  at  the  border  of  the  Tnble:*.    U 
Southern  instrutneiits  the  tropic  of  Cancer  takes  this  place. 

The  term  climate  used  uhovc,  it  may  be  added,  means  the  t>elt 
of  the  Earth  iricIuHed  between  two  fixed  parallels  /if  Intititdc.     Ii 
Plate  XL  is  shown  a  Tnhtc  on  a  small  scale  drawn  for   aboi 
latitude  52°  N.    The  east  and  west  of  the  Astrolabe  arc  read 
ore  dexter  and  sinister  in  heraldry,  the  Astrolabe  bciii^  supp 
to  be  held  as  is  a  shield.    Astrolabes  are  classed  in  the  cast 
cording    to  the  number  of  cia'Ics  or  almucantcrs  inscrilied 
tliem. 
The  Tdmm  or  Perfixt  Astrol&bc  was  inscril>ed  with  9(1  circl 

each  answering  to  I''.    (One  only  is  known  to  exist.) 
The  Niifi  or  Bipartite  with  45  circles  each  answerins  lo  2^. 
The  Thuhbi  or  Tripartite.  30  circles  cneb  =  3^. 

The  Khumsi  or  (Juintjue partite,    18  circles  each  =  5*. 
The  Suds i  or  Sexpartitc,  15  circles  each  =  B''. 

Other  modes  of  inscription  were  (|utce  uncommon. 

It  is  impossible  to  handle  a  good   Astrolabe  withoat    bcii 
struck   with  its  com|)reltctistvciicHs.    It  combines  in  itivclf  i|u.i( 
rant,   planisphere,  theodolite,  glube,— and   the  combination  is 
marvel  of  portability  and  convenience.    It  is  easy  to  undrrstni 
Cliauitr  cnltinj^' it  a  "noble  instrument:"  it  is  easy  to  enter  ini 
the  feeling  of  Blagrave  who  spoke  of  one  form  of  it  iia  a  "  itiatl 
ma tical  jewel."   Alas!  that  the  Astrolal>eis  not  cajiable  of  bigbf 
precision. 

History. 

"L'invcntion  d'iceluy,"    says  Jacquinot   [154^'ij  of  the  Asti 
labe,— "  les  uns  I'ont  nttribuee  fl  Mesnhnlach,  les  nutm  ft  VttA 
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in€e,  combien  que  loiigtemps  atiparavaot  avoit  est£  inventf 
d'Abrahana  on  d'un  noinm^  Lab,  tlont  qudques-uns  ont  voiilu 
tl^river  ce  uom  Astrolabe,  comnic  du  premier  auleur." 

It  is  aiQusing  to  read  the  old  Freuchnian's  words:  but  even 
now  there  is  no  certaiuty  as  to  the  inventor  of  the  Astrolaljc. 
Ptolemy  who  ttiay  have  got  his  ideas  about  it  very  prubably  from 
Hipparchus,  describes  a  planisphere  in  the  8th  book  of  the  Almag- 
est, and  the  planispheric  Astrolabe  of  the  Arabs  is  a  modification 
of  Ptolemy's  phiiiisphere;  but  the  precise  date  of  the  first  Astro- 
labe such  as  v.e  are  now  considering,  cannot  be  ascertaiued.  It 
certainly,  however,  originated  in  t)>e  East,  and  was  early  used  in 
India,  Persia  and  Arabia.  It  l>ecamc  known  in  Europe  by  its  in- 
troduction into  Spain  by  the  Arabs,  and  as  the  Arabian  astrono- 
mers  hnd  excellent  At^trolnbes  in  the  dark  ages  there  if-  good 
reason  for  believing  the  iii:»trument  to  be  much  older.  The  per- 
fection of  Arabic  astronomical  instruments  about  A.  D.  700  was 
very  great  indee<l.  » 

We  have  evidence  in  various  illuminated  MSS  of  the  nstronomi- 
cal  use  of  the  Astrolabe  in  Euro^nr  in  the  13tb  century.  A  figure 
from  one  of  these  is  reproduced  on  Plate  XL  which  is  of  consider- 
able interest,  for  not  only  is  an  Astrolaln*  shown  in  use,  but  the 
observer  is  represented  with  one  of  those  ricn-tubes  which  have 
often— but  erroneously— been  taken  for  early  telescopes.  Dy  the 
1+th  century  the  Astrolabe  was  in  general  use  in  Europe;  in  the 
16th  and  17th  centuries  its  use  was  universal.  There  were  differ- 
ent forms  of  the  instrument;  but  we  know  which  one  was  most 
popular  in  the  10th  century  for  Blundevilc,  writmg  in  1594-. 
s])eaks  thus  of  the  Astrolabe  of  Sto/Scr, — "which  for  these  hun- 
dred yearcs  or  thereabouts,  hath  bccne  had  in  most  price  and  esti- 
mation, as  an  instrument  containing  all  the  uses,  or  at  least  the 
most  part  of  all  other  Mathematical!  Instruments."  The  Astro- 
labe was  only  completely  supen^eded  at  the  beginning  of  the  ISth 
centnry.  The  invention  of  Hadley's  quadrant  in  1731  gave  it  its 
death  blow  in  Europe. 

Europe  adopted  the  .\rabian  Astn»]abe.  Indeed  Astrolabes  ac- 
tually Arabian  were  common  in  Europe  af  late  as  the  end  of  the 
16th  century.  This  is  proved  by  the  fact  that  H.  Danti  [1378] 
gives  Arabic  as  well  as  Latin  namesi  in  his  tables  of  the  fixed  stars 
for  the  convenience  of  those  who  employed  Arabian  instruments. 
European  makers,  however. setin  only  to  have  produced  Northern 
Astrolabes,  and  they  verv-  frequently  added  the  piece  known  as 
the  Label  which  is  not  found  lu  oriental  instruments.  The  deri- 
vation of  the  word  Astrolabe  from  aarftov  and  ^afitf  is  obvious. 


In  the  East  the  inatrument   is  almost  umverflully  narntrd    tl 
TsturlAb. 

The  Astrolabe  is  cssenttnlty  the  snmc  wherever  itx  oik  hn«  ol 
tained.    It  only  varies.    One  European  rnrintion  is,  however, 
so  much  htsioriciil  interest  that  it  deserves  a  word  of  notice. 

The  spirit  of  mttntimc  discovcn,*  stirred  men  mightily  in  th^ 
16th  century;  but  long  ocean  voynges  called  impemtivcly  fc 
im[>i*ovcd  instrument!*  of  nnviKnlion  (ind  cs[Krcially  for  one  fot 
finding  latitude  easily,  A  rude  quadrant  has  been  ub«I  by  Iticgi 
Gomez  for  this  purpose,  but  the  adaptation  of  the  astronomer'^ 
Astrolabe  to  mariners*  use  by  Martin  Bchaim  in  1+^*0  wnn  «  dts^ 
tinct  and  important  advance  and  one  which  Culumbua  kcenlj 
appreciated.  It  was  the  complement  of  the  Adrnnce  modi 
towards  thedL-terminntlon  of  latitude  by  the  fintt  pnblicfltic_«ri  o| 
tables  of  the  ^un'«  declination  in  14-75  by  Kcgioniontntiu»  in  hii 
CsilcmJariam  iVorum.  The  mnriner's  Astrolabe  of  Bchfltm  wi 
some  K  or  y  inches  in  diameter  and  of  some  thicknetin.  A  fi^i" 
of  such  an  instrument  taken  from  Blundcvilc's  work  [1594J  w- 
given  in  Plate  XL.  A  cross-stafl' of  the  same  period  and  frooi  the 
same  w<»rk  is  also  given, 

The  hiKtory  of  the  Astrolabe  is  closely  connected  with  thnt 
Astrology.    Nor  is  this  surprising,  considering  the  ocvcssity 
trologers  were  under  of  constantly  observing  the  heavenly  htwlirt 
in  the  practice  of  their  calling.    The  haudincss  and  comprehen- 
siveness of  the  instrument  could  not  fail  to  commend  it  to  m 
shrewd  a  class  of  men.     Tn  the  West  astrology  has  prHclIcallyl 
disappeared.     It  has  uo  basis  thnt  will  bear  scientific  investiga-j 
tton.    But  it  is  well  to  remember  that  the  requirements  of  jadictall 
nstrology  Icfl   to  the   production  of  n  great   numtier  of  nnrfhl 
tables  and  observations.     It  is  a  fnct  worth  noting  that  the  fir^t^ 
lunar  tables  constructed  on  the  Newtonian  TheorA-  wereintenr 
for  use  in  the  calculation  of  nativities. 

In  the  East— their  birth  quarter— both  astrology  and  the  Ai 
trolabc  still    flourish.     How  amazingly  they  dtd  Boorish  maj 
l>e  gathered  from  the  statement  of  Marco  Polo  that  in  the  city] 
of  Cainbaluc  alunc,   there  were  nOOO    astrologers    and  sooth< 
snyers;  and  he  mentions  the  Astrolabe  as  in  use  among  them 

The  amusing  use  of  the  Astrolabe  iIcscrilK-d  in  the  Ifilst  nigh) 
of  the  Arabian  Nights  is  worth  quoting  once  ngain  bccauvc 
typical  of  Eastern  custom. 

A  young  tailor  had  fallen  desperately  in  love  with  the  dnughte? 
of  the  Ka'idce  of  Iliigilad  and  was  looking  forward  »*ith  fc\ 
impaiienL-e  to  visiting  her.    Naturally  wishing  to  make  the 
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favorable  impression  he  decided  to  shave  and  go  to  the  bath  t>e- 
forchand.  So  he  sent  for  a  barber,  'vho  instead  of  proceeding  to 
the  shaving,  after  an  exasperating  amount  of  talk,  "  look  out  a 
handkerchief  and  opened  it :  and  lo,  there  was  in  it  an  Astro1n1>e 
consisting  of  seven  plates;  and  he  took  it  and  went  into  the  mid- 
llc  of  the  court  where  he  raised  his  head  towards  the  Sun,  and 

^okcd  for  a  conitiderabte  time;  after  which  he  said  to  me  (the 
Tailor),  "Know  that  there  hyvc  passed  of  this  oiir  day,— whicli 
is  I'riday,  and  which  is  the  tenth  of  Sufar,  of  the  year  2Gii 
•of  the  flight  of  the  Prophet,— uijon  whom  be  the  most  excellent 
of  ble?i«ings  and  peace! — and  the  ascendant  star  of  which  accord, 
ing  to  the  required  rules  of  the  science  of  eonipntatiou,  is  tljc 
]>lanet  Mars. — scvcii  degrees  and  six  minutes;  and  it  happcncllt 
that  Mercury  hath  conic  in  conjunction  with  that  planet;  and 
this  indicatcth  that  the  shaving  of  the  hair  is  now  a  most  excel- 
lent operation."  (Arabian  Xights,  I*«nc's  Trans.,  Vol.  I,  p. 
331-2). 

In  the  Bast  of  to-day  as  has  been  remarked  the  Astrolabe  is  fre- 
quently used.  One  use  to  which  Ic  is  put  by  Mohammadans  is 
to  find  the  exact  position  of  Mecca  as  regards  the  place  of  the 
observer.  It  may  be  remarked  that  Lane  mentions  (Arabian 
Nights.  Vol.  I,  p.  3S4-,  note  57)  that  the  Arabs  sometimes  nse  a 
plumb-line  (|uadrani  instead  of  the  Astrolabe.  Such  an  instru- 
ment woulii  be  essentially  that  figured  in  Plate  XL.  though  there 
was  much  variety  in  the  details  of  such  quadrants.  Many  had 
rings  for  susijension ;  and  many  were  solid,  and  engraved  with 
considerable  complexity. 

To  Iinglish  speaking  people  it  is  of  gre^t  interest  that  their 
classic  Geoffrey  Chaucer,— the  Father  of  English  poetry— wrote 
,4  Treatise  on  the  Astrolabe  Of  Astrolaltc-s  in  Hiiropc.  t  think  it 
well  to  mention  the  following; 

Two  at  Merton  College,  f'lxford. 

One  at  King's  College  IJbrnry,  Cambridge. 

Several  at  the  S.  Kensington  Museum  in  the  Oriental  collec- 
tions. 

Twenty-eight  at  the  British  Museum.  This  collection,  which  is 
of  great  interest,  includes  the  superb  Shah  Husnn  instrument.  It 
is  inscribed  in  Arabic.  It  is  not  fully  perfect  as  it  wants  Rule, 
Horse,  Fals  and  Cord. 

Ten  or  eleven,  some  of  them  belonging  to  learned  societies,  are 
described  by  Mr.  Morley  in  his  work  on  the  Astrolabe. 

nii;ht  were  in  the  Spitzcr  collection  of  antiquities  recently  sold 
in  Paris,  and  may  be  studied  to  some  extent  in  the  Bne  illustrated 


cntalogiies  pubTislied  of  the  collection. 

Eleven  (sotnc  very  good  specimens)  were  Hold  in  I.^iHloa  m\ 
Pnttock  and  Simsnn's  this  spring. 

f)ne  behmgB  to  Mr.  Knohcl,  K.  R.  A.  S.    Tliis  is  perfect  in  all  fl 
pnrts,  engraveO  in  Ku6c  character,  and  ia  '>r  the  13lh  century. 

One  is  in  the  library  at  Nareniberg.    Thiti  Astrolabe  bclongt 
to  Regiomirntiinus, 

One  in  the  Itibhotlifque  Nntionnle,  Paris.    This  wfl»  made  A. 
D.  005  nnd  is  the  enrHcat  Eastern  Astrttlnbe  known   to  n» 
believe. 

One  in  n  private  collection  in  Fruncc.  tneniinncd  by  Morlrv. 

Use. 

The  principle  niMjn  which  the  osctif  ihc  Astmlnlic  for  oltitut 
taking  rests  is  ubvious.    Let  tlicetrclcinthediagram  (Plate  XLj 
be  considered  as  a  solid  flat  fixed  in  one  position  with  Knlc  hi 
tachcd  to  its  centre  rownd  which  :t  is  free  to  more.    If  n  horirf-i 
line  CD  drawn  npon  the  circle  points  towards  n  point  Q  in  tb 
heavens  in  the  pbine  of  the  circle, it  is  obvious  ibat  by  iiin  ' 
Rnle  AH  towards  any  object  V  in  the  plane  of  the  circle  tii. 
BOB  win  be  the  angle  suhtendcfl  by  P  and  Q  at  the  eye  or  tl 
angular  distance  on  a  globe,  and  ilm  nnRlc  moy  Ik-  m 
if  the  circunifeiviicc  of  the  circle  l>e graduated:    Tlmyifti 
of  the  ciirle  pass  through  the  poles  X  and  S.  und  CD  poini 
towards   the  c<|nator,   then  when   the   Rnle  points  towards 
NOB,  its  N  polar  distance,  or  rtOf),  ttj(  ilcvliiintion.  in:i\    Ik-   nic." 
ured. 

The  mode  of  using  the  Astrolabe  recommended  by  Cbuuccr  i>  a 
follows: 

"  Put  the  ring  of  thyn  Astrolabic  up-on  thy  right  thotimbc  and 
turne  thy  left  sule  agayn  the  light  of  the  sonne.  Anil 
thy  rewtc  upan<l  doun.  till  that  the  titrenico  of  the  sonn>. 
thorgh  1>othe  hides  of  thy  rcwle.  Lokc  thannc  how  many  d< 
thy  rcwIc  is  arctscd  fro  the  Ittcl  crois  (cast  point)  np-nn  tby  cst« 
and  tak  tbcr  the  altitude  of  thy  sonne." 

When  the  Astrolabe  was  to  be  used  nt  sea  "tbe  ubservrr  wi 
inotrueted  to  sit  down  and  place  himself  with   his  back  to  the' 
muinmast,  hold  the  Astrolabe  by  the  ring,  hanging  on  the  IJd^ 
finger  of  the  left  hand  and  move  the  alJdada  or  Lnbtl  up  ant 
down  with  the  right  iinltl  the  Sun  wjis  on  with  both  sights.'^ 
(Markbam). 

The  Sun  was  never  olwerved  direclly  ihrougb  the  sights.    Tbe 
stars  were.    In  the  better  Astrolabes  there  were  two  pair  of  hut 


in  tbe  sights;  a  vtry  small  pair  for  solar  observations;  a  larger 
pair  for  stellar  ones. 

Uricfiy,  the  AsLrulabc  was  used  Jor  taking  observations  of 
the  Sun,  Aloon  rind  stars;  for  determining  latitude;  for  deter- 
mining approximately  the  points  of  the  compass;  for  detcrmina- 
tiuns  of  time;  for  measuring  heights  of  mountains,  buildings, 
and  distani'cs  generally ;  for  construction  of  horosco[x.-s,  and  for 
many  other  operations  connected  with  judicial  astrology.  In 
the  East,  as  has  been  stated,  one  of  its  very  inipurtant  uses  was, 
and  is.  to  tind  the  exact  position  of  Mecca  as  regards  the  place 
of  the  oliservcr. 


BmLIOGRAI'HV. 

The  Iwst  catalogue  of  worka  on  the  Astrolahc  with  which  I  am 
acquainted  is  that  forming  part  of  the  Bibliographic  G^nfraJc  de 
f'Astroaomic  by  /.  C.  Uoiixcau  and  .4.  Lancaster,  pp.  030-649, 

It  appears  to  mc  that  the  most  useful  works  on  the  whole  to 
consult,  are  the  following: 

G-  CiiAicKK,  (139']  Tnatinc  on  the  . I. *tro/rt&c.— Edition  liy  W.  W.  Skrnt  m  hi» 
ntition  of  tlic  Complete  Works  of  Chuacvr.  Skcut's  iiiLnxliiciidti,  noice  and 
illiiUrations  to  the  trentiw  nrt  nil  of  ihr  utmost  value.  A  ^tnall  book 
on  CliRUcvr'a  Tn:iiii"r  \i\  A    V..  Hmc  m  of  intLmrnt. 

j.  J.  STtiFPLKR,  (15121  Elticiilatio  Fabrke  ususijue  A%troIabi{.  etc.— This  work 
is  very  full  nnd  cDniplcti:  ntiil  hnn  many  extx-lkni  illu:ttr/ition8.  It  is.  too,  a 
>)eaiitiriil  l>'H>k  ns  rrKi'nlii  |iriiitin{{,  clc.  TIkti-  t»  o  IVttiob  transtatinn  n( 
Hiiif!kr'b  txiok  by  |.  I  .  dc  Mennics  dtublistml  IoqO).  This  work  contains  the 
text  of  StSfflcr  anct  the  most  atcrn%iiry  illnstmiinn*. 

M.  Bbt-NUtiviui,  [15K4)  UtM  Bxerciacg.—UtUnMi'mg  and  uKful,  and  has  good 
plates. 

F.  RiTTBS.  (15991  A^trfittthium  tta^  Ut,  etc.— I'seful.    Rxcvllent  ntates. 

W.  I[.  MoKi.KV.  [IS.'id]  Dcfcnfitutn  of  »  Planniilicric  A^tmlalte  ctmttrnctcd  fcr 
Shah  Hiisuin,  Kin;:  <>l  Pei iia,— Tin*  work  is  niiK-li  more  ihnit  nn  ndmirnble 
snd  cxhnuKtivi;  mnn<>t;nt|tti  on  Rtiitli  Hufuiin'n  Atitrolalic.  Ji  ronUiiii^  iKnitli-K 
an  rxtxHlrnt  account  nf  Atlruiittioi  x'^'H-'rnllv,  aiul  hti»  miiny  UM-ful  nolm.  It  m 
an  invii)ua)ile  work.  The  pLntes  (civc  Shnh  llusain's  Aftin>lat>c  full  sue.  This 
uDlorlundtel^  uiukcs  the  Ikook  Awkward  nnd  unwicldr  to  use,  but  this  n  tl» 
only  foult. 

An  account  of  the  Astrolabe  baaed  on  oriental  information 
will  be  found  in  the  Vojsgcs  du  Cbev.  Chnrdin  eo  Perse  [1811] 
Tome  IV,  p.  335  et  acq. 

Among  minor  works  may  l>e  mentioned  an  article  in  the  Bng- 
iisb  Ettcyclopoedifi,  unsigned,  but  which  J  venture  to  think  must 
have  been  written  by  the  late  Professor  fte  Morgan. 

Columbus  by  Clements  Markbam  contains  a  little  respecting 
the  Mariner's  Astrolabe. 


ON  THE  QUAORUPLB  STAR  ;  CANCRl. 


FKOPBssnR  tmEuanR 


The  results  of  numerical  coin|>utatiuns  ol  the  kind  wlik-h  I  bA^ 
pubh'sheO  in  my  two  puiirrs  upon  :  Cancri",  bear  mare  or  leas  the 
character  of  inteqiolation  romiultr.    It  is  nut  jiossible  to  dcter^B 
mine  their  constants  with  so  great  exactness  tbat  a  complctcl^Hj 
satislactor>'  accordance  with  tlic  otmcrvations  of  future  ream  can 
be  guaranteed.    This  fact   1    have  expressly  insisted  upon,  e»- 
|)ecially  in  II, 

On  this  account  it  is  on  the  one  hand  not  surprising  if  the 
pltices  deduced  from  theory  depart  slightly  from  the  olMcrvntioni 
after  a  time,  and  on  the  other  hand,  it  is  nseless  to  make  eondnu* 
ousreadjiislments  of  the  theory  ntshort  intervals,  for  the  ptirpOK 
of  reconciling  it  with  the  obscrvntions,  if  the  charoctcristicii  o^^ 
the  latter  results  are  already  found  in  the  earlier.  ^| 

At  the  time  of  the  discussion  in  I.  observations  wp  to  the  year 
IrtSO  were  at  my  ilisposal.  while  in  II.  nieasui-es  to  1H8S.  ibnngh, 
it  is  true,  partly  in  insufficieni  number,  could  he  nsed. 

The  warrant  for  the  second  research,  tlieref(»rc.  lay  not  *o  moci 
in  the  increased  observational   matter  as  in   tlic  circum6tsnc< 
that  I  could  then  more  fully  and  thoroughly  dev-elop  the  thcorj 
in  scvcnd  Hii-ections.  and  consideretl   that  by   this  discussion, 
could  arrive  at  a  certain  conclusion. 

I  cannot  tlifreforc  look  upon  the  npi)earancc  of  new  obaerr*' 
tions  as  n  challenge  to  n  present  renewal  of  my  diKtrnvinn 
:  Cuncrt. 

On  the  other  hand,  there  have  appeared,  of  late  yearn,  ulln* 
by  Mr.  Burnbam.a  meritorious  doul>Ic-strtr  ubaervcr.   upon   nij 
theory  of  the  motion  of  the  distant  star  C,  which  arc  enlcnioti 
to  (ibscurc  the  subject  in  the  eyes  of  those  not  well  ucquainteii 
witli  my  pHiKM-s. 

The  ar^umentJi  advanced   with  great  con6dencc  by  .Mr.  Uui 
ham  arc  indeed  calculated  only  to  show  that  their  author  neithi 
possesses   sufHcicnt    knowledge  of  the  subject  nor  has   givi 
himself    the    trouble    to    thoroughly   examine  my    papers.    Oi 
this  score  I  cotdd  Ik  content  to  leave  the  proper  cliuractrHxA- 

'  UnttrsiKbunyrn  'thcr  'tfe  Brntantf/^^rrrbmltni^ie  in  fhm  dreHkchtu  S 
»r»tem  %  Cmncri.    rhrnktcbrilten  t/er  Wiener  Akademtc  ISSl. 

f'artge^trtc  t!cjteriUi:huitfcn  uhmtat  mehrfiKhe  St«rni)§ttm  ZCuHcri,     At 
hantlhngeii  tier  k.  h«i  er.    Akwlemie  SSSfi, 

In  ibe  Callowinit  pi^ff^  ''*<^  ^^^  will  be  clnisnntcd  by  I,  the  Mconti  t<«-  II. 


tion  of  Mr.  HurttltFiin's  Bssertions  1o  ihe  future  and  to  others. 
On  the  other  hand.  I  cannot  consent  tu  allow  the  results  of  my 
labors  to  be  brought  into  question  thruugb  entirely  unfounded  as- 
sertions, anri  therefore  1  have  bronj^ht  out  in  the  lollowiiig  pa^es 
certain  computations,  which. I  consider  should  be  sufficient  to 
put  the  case  in  a  full  'isht  in  the  eyes  of  all. 

In  the  followinj;  i)a^es  I  will  concern  myself  singly  and  nionc 
with  the  motion  of  the  distant  companion  C.  about  the  centre  of 
gravity  of  the  two  inner  stars  A  and  R.  Special  researches  in  I 
and  II  have  arrivetl  at  the  resnit,  that  the  observations  show  no 
noticeable  difference  lietween  the  centre  of  gravity  of  \  and  K, 

AT? 
and  the  middle  point  l>ctween  the  two  stars,  — o*    I'urtlicrmore, 

undtilations  show  themselves  in  the  observations  of  C,  in  a  man- 
ner completely  accordant  both  in  position -angle  and  in  distance, 
which  show  the  position-nnglc  to  oscillate  about  ±  2°,  and  the 
distances  about  ^  0".2,  nboui  a  mean  value.  The  constant 
period  of  oscillation  amounts  to  very  nearly  IH  years,  and  it  has 
been  possible  to  prove  the  samc)>y  more  than  three  bill  revolii. 
tions.  The  entire  phenomenon  is  fidly  explained  on  the  assump- 
tion that  the  star  C  has  a  near  dark  companion. 

The  yearly  means  from  ISHti  forward.  <liscussc(l  in  II,  were  nnt 
sufficient  for  a  complete  confirmation,  which  is  now  made  possible 
by  the  publication  of  several  valuable  scries  of  olwervntions. 
From  the  year  1SM.8  forvvani,  hitwever,  the  estalilishment  of 
reliable  yearly  means  would  have  het-n  to  a  certain  extent  impos- 
BJble,  had  not  Messrs.  Sihinpiirelli.  II.  Struvr,  and  I.oveit  had 
the  great  kindnc'is  to  comninniente  to  me  the  desired  extracts 
fn>m  their  records.  Kspecially  do  the  very  numerous  and  excel- 
lent measures  of  Schiaparctli  form  an  essential  support  of  the 
following  remnrks.  It  was  thus  |j«>ssiblc  to  adduce  15  new  and 
certain  yearly  means,  Iroin  IHHii  to  1S9+.  After  the  above  re- 
marks, there  can  l>c  no  question  of  connecting  these  new  results 
with  the  earlier  computations.  t>n  the  contrary,  I  consider  that 
such  attacks  as  tlioseof  Mr.  Hurnliant  can  best  be  met  by  treating 
the  newer  measures,  which  have  almost  nn  [icrsonal  connection 
at  all  with  those  made  in  the  forties  or  fifties,  entirely  by  them- 
selves. After  I  have  made  it  apparent  that  my  earlier  formulas 
accord  with  the  new  observations  as  closely  as  can  at  all  be  ex- 
pected, 1  shall  show  that  the  newer  measures  also,  considcrerl  hy 
themselves,  in  turn  fully  sntisfy  the  assumption  of  a  dark  com- 
panion to  C,  eorrcs ponding,  in  fact,  quantitatively,  to  the  earlier 
formulas,  and  that  without  such  an  assumption,  residual  errors 
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On  the  Quadruple  Star  Z  Caneri, 


renii'iin  wliich  no  one,  certainly,  will  serious]^'  nttempt  to  exp 
l)v  t!ie  riccurnulfition  nf  personal  t'rrrn-s, 

1  (u)\v  ])ioct'etl  to  yive  tlif  atiiuwil  rac.-uis  of  the  observatiot 
C,  rt^tt-m-cl  to  the  mkklle  point  of  A  and  D.  The  nnnies  of 
ol>SLTVcrs.  Ilnll,  Sr.,  Jcclizcjcwicz,  Scliinparelli,  and  Hemi 
Struvi-,  \%ill  he  dfsignnted  Iiv  the  ablireviations,  H.,  J.,  Sp.,  H 
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On  this  collection  I  would  remark  as  follows ; 

1.  The  assignment  of  weights  has  been  made  according  to  the 
scheme  set  forth  in  II.  This  is  at  any  rate  sufficient  for  the  pur- 
pose proposed,  although,  by  its  use  the  new  observations,  made 
with  such  superior  means,  are  certainly  assigned  too  small  a 
weight. 

In  a  definitive  discussion,  the  yearly  means  of  Schiaparelli, 
made  from  very  numerous  and  apparently  very  accurate  nightly 
means,  should  be  assigned  a  greater  weight.  The  yearly  means 
of  Schiaparelli  are,  according  to  the  series,  formed  from  13, 12, 
14,  8, 10,  10,  14, 14  evenings'  work.    ■ 

2.  The  reduction  of  the  measurements  taken  from  A  or  B  to  C, 

A  +  B 

to  — jy —  has  been  carried  out  with  the  aid  of  assumptions  as  to 

the  relative  positions  of  A  and  B,  which  are  not  entirely  certain, 
and  could  not  be  exactly  determined  without  more  considerable 


coniputuCions.    This  incxnctness,  wliidi  bfg«Ic«  it*  «cftivcly  per 

liHe,  caa  ouly  atTtxl  tlie  last  pluccB  in  tlic  ol)»crvHlioti»  oC  H  — .  H 

the  above  figures. 

3.    With  Fcgftrd  to  the  eutistunt  |jcniunul  crrom.  the  fullo«vm| 

correctious  were  obtniitcti  hy   coiupariitun  with  Ih*.-  cphcinci 

giveu  iu  U.  p.  71. 

Su.      -  o».86      +  o".r)7* 
H       +  n  jji      -  0  .(»» 

HS        -  0  ^1        +  U  .OOT 

The  last  observation  of  H^fsccmn,  however,  to  contrndicl  il 
corrcctioa.    It  ie  separated  from  the  earlier  one*  hy  a  three  ycui 
interval,  and  is  derived  from  C  coin])nrittoiis  of  C  with  A  wnd 
which  give  entirely  accordant  nicau  vahicH.    It  ihcreiorc  »eei 
better  to  leave  this  last  measure  of  H^'  nncorrcctctl.    Uoide*. 
appears  pretty  plainly  at  the  Smt  lulatice.that  on  thisntv'- 
last  yearly  mean  tsuncertain  as  t»i  dist.-im-c,.'ird  tliiN\\in  i 
confirmed  ast  we  proceed. 

4-.    The  measures  of  02.  from  Lhc  yc;ir  ISSI.  atul  ihum; 
with  the  30-inch  refractor,  arc  takeu  directly  uiihuut  crn 
from  the  appendix  to  II. 

The  grounds  for  this  prucccUing  1  leave  uuexplaincd.  as  ilcfll 
not  have  a  perceptible  elTcclon  tliercsulls.   All  oiher  ol>Mrrvnt^ 
are,  as  before,  left  uncorrected. 

As  respects  the  constant  personal  errors  applied  in  II.  ui 
the  continuation  of  it  in  the  jircscnt  notice,  they  make  no  pi 
at  being  anything  more  th^in  the  mean  of  the  dcpariurca  frum  tl 
ephemeris,  which  in  its  turn  is  detliiced  from  proviMirily  cornrctt 
observations.    On  this  account  the  obscrvationa  appear  to  be 
ferred  to  a  more  or  less  arbitrary  system  of  positian-anglcs  ai 
distances. 

The  corrections  found,  however,  may  be  reganlwl  as  uctuul  pc^^ 
sonal  equations,  if  the  mean  of  all  the  applied  corrtctiooa  do^H 
not  differ  noticeably  from  zero,  otherwise  the  adopted  system  » 
not  the  normal  onc. 

The  corrections  employed  in  11  and  the  present  |ia|)er,  if  wl 
different  corrections  hnvc  Iwrn  found  for  the  name  oli*«rrvcr,  tl 
simple  means  arc  used  (with  tltc  exception  of  Sp.,  tn  who«c  cm* 
on  account  of  the  great  disparity  in  the  instrument,  this  is  hardi 
allowable),  are  then, 

-;o.07o 

-.0.135 

-n.oa.i 
-iiima 
-o.oai 


W.2. 

-i'\.H2 

ex. 

-0.4T 

D. 

4-  0.H4 
+  0.O2 

S 

J 

—  0.2tt 

MUkT 

+  0.3O 

fo/essor  SceUgcr. 


807 


,J 

*# 

^^_                  Da. 

-  i.r.o 

-  0.050 

^^^^K                   lifngclinann 

+  !.«* 

+  0.0M 
"1-0.217 

+  1.3S 

^^B 

4-0.71 
4-  1.70 

-O.JOS 

^^^^1                           KoiBTT 

-O.aKO 

^^H 

^^H 

-  0.8A 

+  0.07* 

-t-O^I 

-  0.025 

^^H 

-0.41 

+  0.097 

^^^F 

+  0..'W 

-  0,024 

If  wc  tnkc  the  most  certainly  flctcrmincd  corrections,  namely, 
W>'..  4,  Sp,.  Sp„,  H,H^',  we  get  the  mean  vaIiie  +  0-.31  +0".00'8. 
According  to  this  the  system  should  give  position-iinglcs  some- 
what too  great,  while  the  distances  correspond  very  nearly  to  the 
truth.  As,  however,  a  constant  correction  to  the  angle  has  no 
influence  on  the  theory,  the  selected  system  must  be  regarded  as 
nearly  normal.  Pc-sides,  this  positive  correction  is  Hue  principally 
to  the  unusually  large  correction  to  Wi". 

In  any  case,  there  is  no  apparent  ground  for  doubt  that  my  «• 
searches  in  TI  are  based  upon  observations  which  have  been  re- 
ferred to  an  essentially  correct  system,  although  the  possibility  18 
not  excluded  that  in  the  future,  when  it  is  to  Ije  hoped  that  many 
of  the  large  telescopes  which  now  stand  prepared  Tor  the  work 
will  be  employed  on  the  measures  of  C  Cancri,  a  modification  may 
be  made  in  the  one  or  the  other  direction. 

The  .nbnve  quoted  annual  means  w*-tc  next,  to  facilitate  com- 
parison, reduced  to  the  same  tenth  of  their  respective  years,  At- 
tmtinn  should,  however,  again  be  called  to  the  circumstance, 
that  the  Inst  places,  to  the  hundredths  of  degrees  in  position-angle, 
and  the  thousandths  of  seconds  la  distance,  arc  uncertain  to  a 
few  units:  this  results  from  the  manner  in  which  they  have  becji 
computed.  To  the  fifteen  newly  deduced  yearly  means  T  have  pre- 
fixed the  four  next  preceding  from  II.  1  ain  not  in  a  position  to 
undertake  any  alteration  or  completion  of  these. 

To  begin  with,  the  observed  position-angles  and  distances, 
p^,  and  p^,  should  be  compared  with  the  value*  resulting  from  the 
theory,  p„  and  p^. 

The  differences  observed — computed  arc  found  in  the  collection 
given  Ik-Iow,  in  the  column  O — C.  A  merely  passing  glance  at 
these  figxircs  shows  that  on  the  whole  the  aceurrlance  with  the 
thcor>"  is  satisfactory. 

The  jiceuliar  nndnlalions.  at  any  rate,  which  ilie  observations 
show  in  ^  and />  have  almost  entirely  disap])eared.  Onistniidiug 
differences  remain,  of  a  syatcmatie  character  indeed,  but  whicli 
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for  the  objective  critic,  have  no  longer  an;  striking  significaifcr. 
since  systematic  errors  are  to  be  expected  in  the  obscrvntioni!,  nntl 
besides,  it  is  n  question  of  an  extrnpolniion  of  some  ten  years.  In 
consideration  of  this,  t]ie  accordance  between  theory  and  obicr- 
vfition  innst  be  called  sntisfnctory. 

The  sums  of  the  ohsolute  diflfcrcnccs  nmount  in  positton- 
to  8".56,  in  distance  to  0".769. 

The  undiilattoiis  which  the  olwerved  /»  nnd  p  show,  and  wl 
as  I  have  Hhown  in  II,  Ibllon-  with  nhnost  miUbcmtittcnl  rcj^ulai 
ity  a  cycle  of  about  18  years,  come  out  more  plainly  if  wc  Kck 
rqjrcscnt  them  by  a  circular  motion.    It  is  well  to  note  here  thi 
Ihv  whole  mutter  is  h  question  of  a  progressive  change  of  onl 
abont  9°  in  position-nngle.    If  wc  tnkc  this  [irogrcssivc  change 
p  according  to  II,  and  make  the  e(|untton 

p.  =  14.5°.+6  -  0°.513  (t  —  1850.2).  p„  =  5".4S9 
expressing  the  simple  mean  vnlne  of  nil  p^,  found  without  regai 
to  weight,  the  diflcrences  p,  —  /?„,  p„  —  p^,  arc  vcrj*  nearly  whi 
was  above  regnrdcd  as  the  outstanding  errors  of  tbcobscrvatiof 
if  the  assumption  that  the  star  C  is  not  double,  is  admitted. 

DiScrcnccs'of  n  similar  character  have  now  l^egun  upon  their 
fourth  repetition.    It  is  repugnant  to  me,  in  view  of  these  ftgnrrs. 
to  criticise  the  contention  of  Mr.  Burnhnm,  thai  such  dcpartnm 
shnuhl  be  considered  as  a  remarkable  nccunmlalion  of  i>en)oot 
errors,  now  occurring  in  the  same  order  for  the  fourth  time. 
criticise  the  like  nsscrtioits  with  a  parlinraentnry  exprcssioa 
scarcely  possible. 
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In  order  to  prvsent  ctcarlv  the  decisive  fnct.that  the  last  quoted 
nineteen  yearly  means,  to  which  so  ninny  nnd  distiii;'iiishe(!  ol>- 
scrvers,  who  do  not  Jipi>ear  previous!  In  Is7*i,  Iiave  eontribntcd 
(and  attention  is  here  called  to  their  extremely  close  nf^reeinent, 
especially  in  position-angle)  acforil  with  ihe  same  [H-riod  that  \s 
deduced  in  II  from  the  asseinlilage  ol  the  earlier  available  meas- 
ures, I  have  attempted  to  rei>resent  the  difierences  p^  — p^  by  a 
formula  expressing  a  circular  motion  with  the  period  named,  by 
the  use  of  the  method  of  least  squares. 

The  result  was 

(II).      p.,  —  p^  =  —  O^'.Oe  +  r.913  sin  19^.94.7t 

+  0  .137  cos  19  .947t 

in  which  the  time  t  is  to  he  expressed  in  years  from  1850.2.  If  we 
wish  to  get  a  still  better  approach,  we  change  the  vnrintton  of  p, 
somewhat,  so  that  the  equation  reads 

»( I II ) .        p,—p^  =  —  o^.oe — (y».0681     ^ 
fron 
ing 


(10) 
+  2'='.  268  sin  IS^^.O+Tf  +  0*'.286  cos  19°.94-7t 


In  the  following  table  the  values  of  position-angles  computed 
from  these  fomiulic  are  given  under  II  and  III,  and  the  outstand- 
ing errors  are  under  J  and  J|.  The  representation  attained  is  a 
satisfactory  one,  and  indeed,  no  other  was  to  be  looked  for.  The 
systematic  character  of  the  differences,  it  is  true,  can  be  in  part 
eliminated  by  a  more  elaborate  theory,  possibly  the  one  earlier 
[irojMjsed  by  myself,  and  by  a  discussion  carrie<l  through  with 
reference  to  the  weights,  but  for  the  most  part,  they  are  purely 
personal  errors  that  are  here  expressed.  In  my  earlier  pa^wrs  I 
have  expressly  called  attention  to  this  poiat.  The  .sums  of  the 
absolute  values  of  J  and  ^,  are  from  5^.58  to  6'  .<f5;  from  this  it 
api)enrs  hardly  necessary  to  give  the  formula  III  any  preference 
over  n. 
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A  not  uniinportnnt  crxntro),  if  intlecd  «uch  n  nmlcd,  H  forti 
nffordcd  by  the  discussion  of  the  distniiccs.    The  fonnuln  H,  if 
is  assumed  that  C  describes  a  circulnr  orbit  nbout  a  dark   mi 
panion.  gives  nnturolly  very  accordant  chnn;jes  of  distnncc. 

If  we  take  a  as  the  radius  nf  the  circle  which  the  centre  nf  btot- 

ity  of  C  and  its  companion  dcscrilics  alx»ut  ',,    wc can  compute 

from  each  p^  n  valne  for  a.    The  assembled  a,  with  the  difftrrcnca 

^1  =  5".'t62  —  a,  where  5". 462  represents  the  simple  mean.  »ritl 

ont  regard  to  weights,  give  an  entirely  indcpfiidcnl  confi: 

of  the  thcorj*.     If  wc  look  at  the  small  residuals,  {^'^1 

to  0".720)  we  can  not  remain  in  donht  thntall  the  larger  pcrt< 

cal  undulations  in  the  distances  have  entirely  ilisnppenreJ 

1  have  always,  in  both  my  earlier  pa]>crs,  looltcil  upon  thtscciQ- 
trol  118  a  very  important  support  to  the  almost  Hcmonstralii 
ccrtAinty  of  the  assumption,  th.'tt  C  mnsthjive  n  dorl.  > 
I  can  further  only  here  rciKrat  what  I  H.'iid  in  II  (p.  I4i 
assumption:  "■  I  for  my  part  do  not  hesitate  to  claim  for  rt 
certainty  so  fjreal  as  h  attained  by  few  attempt*  at  <■*    ■         Ei( 
in  stellar  astrotioniy,  which  arc  not  nl  once  indicaii.'i 
tion." 

In  conclusion,  I  must  once  more,  though  unwillingly,  rctiK 
Mr.  Uiirnliaiii.    Alter  J  had  expressly  controverted  the  atttict 
this  gentleman.t  and  had  shown  how  peculiar  are  the  idcnt  be 
has  formed  respecting  systematic  obscrvutiunal  crront,  Mr.  Dun 
hum  has  seen  lit,  in  No,  120  of  the  jicritHlical  Astronomy  am*  .\\ 
TRo-PUYsics.  not  only  to  reiterate  bis  assertions,  but  lo  do  il 
in  a  tone  which   I   innst  most  decidedly  ijualify  ns 
proper.    There  Is  not  the  least  occasion  to  go  into  hi--      ,    <     ' 
since  these  have  been  completely  refuted  in  my  former  papcrv* 
cannot,  however,  refrain  from  here  reprinting  No.    Ill    uf  Bnt 
barn's  last  named  notice,  since  the  author's  peculiarity 
characterises  itself.    "It  is  evident  that  Professor  Serltgrr  has 
tittle  experience  in  double  star  work,  or  he  would  not  bovrcril 

i  L'iter  Herra  Uuraiiam'g  "Itivmbk  Doabie  Stun"   unit  ltntt»titi/tm 
•  iJ>-finr.    Attritnomitfcltc  Xaehricbten.  IfMod  1H2. 


ciscd  myremiirk  that  the  close  pair  of*  Hydrte  couM  not  possible 
cffoot  the  mensures  of  C.  The  troth  of  this  stJitcment  must  be  bo 
nbviniis  to  every  practieal  nstrononier  who  is  ntciistomcd  to  use 
the  micToitieier,  that  it  can  hardly  be  consHlcretl  a  dcbatcable 
question  "  I  can  only  express  my  sincere  regret  that  a  practical 
iistrtJnonicr  should  be  8<i  surprisingly  iKiiorant  of  the  conditions 
which  muse  necessarily  be  considered  an  indicated  by  systematic 
differences,  and  still  more  that  he  slinuhl  \mt  this  ignorance  in 
evirlrnce  in  so  conspicuous  a  mnnner. 

It  naturally  follows  Iroin  this,  that  no  scientific  gain  can  result 
from  any  discussion  with  Mr.  Hurnhain  upon  the  present  qiies- 
ti«in.  1  slitdl  tiicrclVjrc  decline  to  consider  any  further  remarks  bj* 
this  gentleman  upon  Z  Cnncri  and  myppiiers,  nsof  no  consequence 
in  the  case,  and  shall  allow  any  renewed  attneVs  to  remain  un> 
answered. 

(Mr.  Rumham,  at  whose  retjuest  the  foregoing  article  by  Pro- 
fessor  S^ligcr  is  reprinted  tn  this  Journal,  desires  to  state  that  he 
finds  nothing  in  ibis  pa|Kr  with  reference  tn  its  astronomical  as- 
sertions or  person  il  peculturiiies  which  calls  for.  or  would  justify 
any  reply  on  his  part.  For  determining  the  true  relations  and 
movements  tifr.tellar  systems,  the  micrometer,  he  thinks,  is  might- 
ier than  the  (wn.— Ed.] 
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B.  B.  BAitSAR[>- 


Exiteriuicnts  With  a   Very  Small  Lens  in  Photogrnphinff  Very 

Lttrge  Ae/m/ir,  etc. 

I  have  recently  been  experimenting  with  a  small  short-focus 
lens.    Some  of  the  resntts  are  very  interesting. 

This  lens  !>eloiigs  tfi  n  cheap  (oil)  projecting  latem  and  is  1^ 
inch  in  diameter  and  3Vi  inches  fcwus  {from  the  rear  lens).  It 
gives  a  field  of  about  .lO*^',  only  one-half  of  which,  however,  is  at 
all  flat— but  on  this  puriion  the  stars  are  fairly  good.  Tlie  scale 
is  about  10*^.3  to  the  inch. 

The  ratio  of  the  nperinre  to  the  focal  length  is  1  :  2.3  while 
that  of  the  Wiltard  lens  is  1  :  ">. 

This  large  light  ratio  makes  the  lens  verj'  suitable  for  certain 

'  CommunicAtnl  hv  the  author. 


work  wlicrc  the  sninlliioss  tif  the  scale  is  not  iilii< 

rcjilly  clcsirctl. — such  for  instance  ns  vcn*  hirj»c  tii.:-i -jUI 

lies,  Inrj^  comets,  the  Milky  Way,  etc.    It  will  dotihtlrsH  Iw  ai 
atlmirahly  siiitet)  tor  photoRraphinj*  meteors— i-otchiny;  (mm  il 
grent  light  rntiii  and  targe  licld  tti.'tny  meteors  that  wnulil  )jr 
tirely  missed  by  such  teleseogieti  ns  the  Wdlnrd  lend. 

So  far  I  have  nmde  nearly  20  photngraphti  with  this  Ims,  whl 
roridci)ti6eittiun  I  shall  call  thc'iuatern  lens." 

These  cx|>oAtirc3  range  from  one  second  up  to  four  hoars. 

On  account  of  this  li^ht  ratio  the  difTitsed  H^jht  of  the  !ftnr«< 
tcrcd  nvcr  the  sky  also  pliotogrnphs,  so  that  very  protonj 
posures  are  only  possible  with  it  whai  the  sky  is  fre«  from  milbi- 
nrsR— or  whiteness.    Its  ncnelratin^  power  is  not  fnr  from  thn^B 
of  our  Willnrd  lens.  " 

When  the  moon  is  very  young,  the  dnrk  or  earthlit  portion  c«o 
Itc  photographed  with  it  in  from  1  second  to  U  setondn. 

The  cloud  fumis  oi  the  Milky  Way, such  as  those  in  the  rcjrfon 
Mil,  are  well  shown  in  from  10  to  15  minutes. 

.\n  exiK>8ureof  one  hour  showed  all  the  great  mass  of  nebnh 
ity  near  Alpha  Cygiii.  unA  doubtless  IG  or  20  n»iintt...   vv< 
show  it  clearly. 

One  hour  showcdthe  full  extent  of  the  great  Andrmuedaucbal 
and  [  have  no  doubt  but  that  it  could  ii&  well  be  shown  with  ii 
less  than  half  that  time. 

[•our  hours' exposure  wtis  given  on  the  region  abtmt  the  Pic 
ndes.     [tesidei<  showing  the  nebulosities  of  Uic  cluster  it  phuwi 
also  the  large  diffused    nebula  N.   G.   C.   14'J7.    Thin   tKbuli 
which  was  discovered  by  nie  with  the  0  inch  CiM>kr  eijuatni 
of  the  Vnndcrbilt  ('niversity,  Nashville,  Tenn.,  on  Nov.  3,  1H8I 
was  i>hotogra|)hed  by  Dr.  Areheidiold  in  Oetotjcr.  1891  (Sec 
.V.  3082).  ]  have  n  fine  photograph  of  it  with   ihe  W'illnnl 
with  three  hours*  exposure,  and   of  which  I  shall  have  more 
say  in  a  later  paper.     The  impre^tion  with  thelnntem  lens  is 
stnmg  and   docs  not  materinlly   difler  (except  in   point  of  sise^ 
from  that  with  the  Willnrd   lens.    The  nebula  is  a  very  singul 
object,  however,  and  well  worth  xtudy.    It  is  somewhat  over 
long  and  seems  to  be  (juite  complicated  in  structure. 

Probably  an  expoxure  of  less   than  half  an   hour  would  «hoi 
this  object  with  the  lantern  lens.    Br  the  way,  Dr.  Archenhokl 
wrong  in  s|M:aking  of  thii*  object  as  hnving  l»cen  di*covcre%!  ti 
photography.    Visually,  on  neeount  of  its  very  diffu»ed  nnturr, 
is  a  very  faint  object  in  any  telescope. 

The  most  interesting,  however,  of  these  Innlem  len*  pictai 
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arc  two  of  the  constellation  of  Onoii  [lor  it  takes  in  ncnrly  the 
entire  constellation). 

These  were  made  1894,  Oct.  3  and  Oct.  24,  wiih  2  hours', and  1 
hmir  1.1  minutes'  exposure,  respectively. 

To  my  suqmse  these  pictures  showed  an  enormous  curved  ntb- 
ulosity  encircling  the  licit  and  the  great  nchuln,  and  covering  n 
large  portion  of  the  body  of  the  giant.  A  description  of  this, 
nebula  would  not  only  be  complicated  but  it  would  fail,  also,  to 
give  any  impression  of  its  form  and  magnitude;  I  have,  there- 
fore, made  the  enclosed  drawing  of  it  which  will  show  at  once  its 
exact  location  and  form.  The  drawing  is  on  nearly  twice  the 
scale  of  the  original  negative  and  the  stars  arc  taken  fnini  Proc- 
tor's Chart. 

.\fter  I  had  made  this  drawing  and  partly  written  this  paper,  t 
remcmliered  having  seen  somewhere  that  I'rofessor  \V.  H  Picker- 
ing had  once  s])o]ccn  of  n  great  nchuln  shown  on  his  photogmplm 
of  Orion  and  previ*>usly  unknown.  I  linve  looked  up  his  pnijcr 
on  the  subject  and  find  it  in  the  SifJcreat  Messenger  for  jnnnnry, 
lfi90  (vol.  9,  p.  2),  I  will  quote  here  what  Professor  Pickering 
has  to  sny  concerning  this  remarkable  object : 

"An  interesting  structure  brought  out  upunour plates  is  a  large 
spiral  nebula  whose  outer  extremity  starts  in  the  ricinity  of  y 
Orionis.  It  passes  about  four  degrees  north  t>f  C,  extends  to  y 
thence  to  /t,  then  north  to  f/,  with  an  outside  stream  lying  nearly 
north  and  south,  and  preceding  ff  about  four  dcgrccB.  Another 
strenm  Iving  nearly  cast  and  west  precedes  '/  tdiont  the  same 
amount.  This  neljula  is  about  seveutecn  degrees  in  Icitgth,  by 
nearly  the  same  in  breadth,  and  surrounds  a  cluster  of  bright 
stars  including  the  iK'lt  and  sword  handle^  and  extending  towards 
>'.  The  region  containing  the  nehnla  is  noticealdy  lacking  in  stars 
brighter  than  the  eighth  magnitude.  !»ut  contains  the  very  lirighl 
stars  y  and  /*.  It  is  possible  that  a  plnlc  with  double  nur  pres- 
ent exposures,  which  we  are  soon  going  to  try,  will  till  the  space 
between  v  and  :,  thus  making  the  great  nebula  the  inner  termina- 
tion of  the  spiral.  This  nebula  is  shown  by  three  different  ex- 
posures and  is  very  distinctly  marked." 

Professor  Pickering's  photographs  were  made  at  Wilson's  Peak 
in  son  them  California  (altitude  ti250  feet)  with  ii  VoightUlnder 
I>ortrutt  lens  of  2.6  inches  ai>crtnre  and  HA*  inches  equivalent  Ut- 
cus,  with  an  exposure  of  threi-  hours.  Stars  from  the  1 1th  to  the 
12tii  magnitude  were  well  shown. 

In  the  present  pictures  the  shorter  exfiosure  shows  the  nebula 
best ;  this  was  perhaps  due  to  a  darker  sky. 


On  my  drawing.  1  have  marked  a  jmrtion  of  the  ncbolosity, 
from  1°  to  2°  cast  of  Tati.  with  dots. as  it  is  so  firchle  nt  thi«  p^int 
that  1  cnnnuthc  ccriain  of  it.  Two  other  portion*,  Terr  sli^htlr 
iincertoin,  I  have  also  marked  with  dots;  thcw;.  hnwcvrr.  I  nm 
confident  exist  on  the  ncRatives.  The  rest  of  the  nc^Hitn  in  well 
fthown.  It  is  brij;;htcst  near  ofi  and  60  Ononis.  Its  extreme  di- 
ameter is  about  l-f'  or  IS'''.  CompareiJ  with  this  rnormots 
nebuin  the  old  d,  or  so-called  "great  nebula,"  i»  but  -  -;  -—v. 

That  this  object  shown  on  nij*  plHtes  is  the  samtr  ;■  .  ■■  --ipbed 
hv  Professor  Pickering  in  lS8i>  there  is  tto  doiibe,  ns  will  readily 
be  seen  npon  comparing  his  description  with  my  drawing.  The 
present  photographs  therefore,  fully  confirm  the  pictures  of  lft*t9 
This  confimation  is  nil  the  more  valuable  as  it  wns  unconscionslr 
and  independently  made. 

Mt.  Hamilton,  1894.,  Oct.  27. 


MARS. 


PBRCIVAI.  LOWBLl.. 

Sbasonal  Changes  on  tbb  Planet's  Sdrpack. 

That  seasonal  changes  take  place  npon  the  surface  of  Mar». 
changes  of  sutficicnt  magnitude  to  be  visible  from  the  Earth,  and 
due  directly  to  the  chiinging  seasons  of  the  Martian  rear,  1  have 
recorded  in  previous  papers.  In  view,  however,  of  the  imjKirtAnce 
of  the  snbject  and  of  the  fact  that  each  fresh  prcscntotion  ha» 
added  to  the  evidence  of  this  it  Kcems  to  me  well  to  cmbckfy  tbc 
matter  in  n  paper  by  itself,  supported  by  drawings  made  at 
different  dates  and  placed  for  comparison  side  by  side.  In 
these  I  liuve  reproduced  as  nearly  as  possible  the  valneif  of  the 
markings  ou  the  planet  on  an  abttulute  Kcalc,  hu  that  tlic  varia«» 
]iarts  of  the  ilifferent  drawings  are  nil  comparable. 

For  the  substantiation  of  changes  on  the  surface  of  Marv  it  is  of ' 
par-amount  iniimrtnnce  that  the  drawings  to  be  compared  sboald 
all  have  been  made  by  the  same  pervon  at  the  same  tdcacopr  an. 
der  ns  nearly  as  possible  the  same  atmospheric  conditions, — since 
otlierwtse  the  subjectivity  of  the  observer,  the  objectivity  of  hi*  ' 
instrument  and  the  special  atmosphere  in  which  he  works  play 
so  large  a  part  in  the  result  as  to  mask  that  trifling  factor  in  tbc 
case,  any  change  in  the  planet  itself.  How  easily  this  maakine 
is  occomplished  appears  from  drawings  by  different  obscrrerv  of 


the  same  Martian  featare  nt  practicnilj'  tlie  same  instant  of  time. 
Several  interesting  specimen!*  of  such  jiersomil  ^>fciiliarities  may 
he  seen  by  the  eurions  in  Flnmmnrion's  adtnirablc  iliesotirus 
"La  PiBodtc  Afars."  In  someofihese  drawings  purporting  to  be 
likenesses  of  the  planet  it  is  pretty  certain  that  Mars  woaltl 
never  recogTiisie  himself. 

To  have  drawings  swear  at  one  another  thus  across  the  page 
is,  in  the  interests  of  deduction,  objectionable.  If  Mars  is  to  be 
many,  his  dranghta— man  must  be  one.  So  much,  at  least,  is 
fnlfilled  by  the  drawings  presented  with  this  paper.  Por  they 
were  all  nmde  by  me  at  the  same  instrument  under  the  snme 
^nernl  atmospheric  conditions  as  the  same  personality  enters  nil, 
it  stands,  as  between  themselves,  eliminated  from  all  to  increased 
c<?rtninty  of  deduction.  Kvcn  the  different  eye-pieces  used  vary 
chiefly  in  a  manner  to  minimize,  ;f  nnything,  and  so  emphasize 
the  differences  obswrcd.  For  with  increasing  image  the  higher 
power  nscd  tends  to  decrease  the  cimtrnst.  The  result  is  that  it 
largely  offsets  the  difference  in  contrast  due  to  nenrcr  jippruach 
and  leaves  simply  a  case  of  mngiiificntion,  with  the  valnes 
untouched. 

Since,  furthermore,  the  drawings  were  all  make  in  the  months 
preceding  and  following  one  opposition,  secular  changes  ore  prac- 
tically out  of  the  question;  nny  changes  that  appear  starting 
with  the  presumption  of  a  seasonal  character.  They  constitute 
of  themselves  a  kinernatical  as  opposed  to  a  statical  study  of  the 
planet's  surface. 

The  resulting  phenomena  are.  as  will  lie  seen  from  the  drawings, 
much  more  evident  than  might  be  supposed.  Indeed  they  arc 
quite  unmistakiiblc.  As  for  llieir  importance  it  need  only  he  said 
that  dcdnction  from  them  fnrnishes,  in  the  first  place,  strong 
inference  that  Mars  is  a  very  living  world  subject  to  aa  annual 
cycle  of  surface  growth,  activity,  and  decoy;  showing  in  the  sec- 
ond place  that  this  Martian  yearly  round  of  life  must  differ  in 
certain  interesting  particnlars  from  that  which  forms  our  terres- 
trial experience. 

The  phenomena  evidently  make  part  of  a  deBnite  chain  of 
changes  of  annual  development.  So  consequent  and,  in  their 
broad  characteristics,  apparently  so  regnlnr  arc  these  changes 
thiit  I  have  been  able  lo  find  corroborntion  of  what  appears  to 
be  theirgcncral  schcmcin  drawings  made  atprcvious  oppositions. 
In  cons«|uence  I  believe  it  will  be  possible  in  future  to  foretell, 
with  something  approaching  the  certainty  of  our  esteemed 
weather  bureau's  prognostications,  not  indeed  what  the  weather 
will  be  on  Mars,  for  it  seems  doubtful  if  Mar^  has  much  of  what 
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we  call  weather  to  proipiosticate,  but  Ihe  nH])cci  nf  an 
of  the  planet  at  nny  given  lime. 

Tlie  changes  in  appeoranctr  pr«MrnU*t]  liy  the  plnnet  here  l<i  l>c 
described  refer  primarily  not  tu  the  melting  of  the  polur  iinawv. 
except  as  such  melting'  forms  the  nccestsary  preliminary  |m  whj 
follows,  but  to  ihe  sultSCTpicnt  chani;i>  in  look  of  thciiurfiicr  i1 
self.  To  their  exposilion,  however,  the  polar  jihennmctia  be- 
come insepernble  adjuncts  since  they  arc  ineritahle  nncillnria  tu 
the  result, 

With  the  familiar  melting  of  the  jiolur  snow-cap,  thrrefurc,  ibi 
account  properly  iK'pins.  since  with  it  liegitis  the  vearly  r. 
the  planet's  life.   With  Ihc  inclliaj!  of  our  own  Arctic  or-\; 
cap  might,  similarly, Ik  said  to  begin  thcEjirth's  nnnunl  activitr 
Bnt  there  apjicnrs  to  be  one  importjint  itiflcrcncc  here  at  the  vc\ 
ODtset  iK'tween  the  Iwo  planets.     In  the  case  ot  the  Earth  ihc 
latiou  of  the  melting  of  its  pulnr  snows  to  the  nwakcninj;  of  »i 
(ace  activity  is  cliietly  one  of  /wst  hue  simply ;  in  the  «  ■ 
it  seems  to  Ix:  one  of  itrnjitcr  hot:  as  well.     Tor  unlil,      i 
which  has  water  to  spare.  Mars  is  apparently  in  xtniil*  for  the 
article  and  has  to  dniw  on   its  polar  resorvoir  for  its  nnni 
stipply.    To  the  melting  of  its  polar  cjip  anil  to  ihe  tranKfcrciK 
of  the  water  thus  Annually  set  free  to  go  ita  roundit  Decnw  Co  tl 
pead  all  the  phcnomeiin  upon  the  surfarcof  the  pt.nnct. 

The  obscrvatiiins  upou  which  this  rlcduction  iM  based   <xXt 
orer  n  period  of  more  than  6ve  months;  fimm  the  la«t  dar 
May  of  this  year  to  the  seventh  of  Novctnlicr.    They  cover  ll 
regions    from    the   south   pole   to  alHint   latitudr  thirty   aorti 
That  analogiMis  changes  to  those  recordeil.  diflrring.  hotvevi 
it)  certain  markc<t  particnlart;.  ocvur  »ix  Martian  months  Inter 
he  planet's  northern   heniis|i|iete,  1    Ixild   tu  l»c  probable.     F< 
though  it  is  likely  that  the  general  vystcm  is  one  for  the  wh< 
planet, it  is  al*o  likely  that  the  diMribttiion  >>f  the  planet's  Nurfa 
details  alters  the  action  to  some  extent. 

To  an  appreciation  of  the  meaning  of  the  chuugcv  it  m  \q 
borne  in   mind   throughout  that   the  vernal  cipiinox   tif  Mm 
aouthern   hcniis|iherc  occurred   un  April  Tlli,  1MU4-;  ibr  suniin^ 
solstice  of  the  same  hemisphere  on  Aug.  Slst^  and  dmi  its  o^ 
tumnal  er)uinox  will  take  place  on  Feb.  7.  1H95. 

On  the  31st  day  of  last  -May,  thcrclorc,  it  was  toward  the 
of  April  on  Man*.    The  south  polar  cap  wn.-*  ilicn  rrry  lar>Ev,  nj 
wards  of  45  degrees  acrocs,  and  already  in  active  procr^ft  i*f  nicTt- 
ing.    The  tilt  of  the  planelV  axi»  tiiwaid  the  I-^arth  ennhled 
to  be  well  seen,  nnd  disclosed  the  fact  that  U  whs  bori 


persistently  by  a  dnrk  band,  broader  in  some  places  than  in 
others,  but  keei>in};  pace  with  the  snow's  retreat.  The  average 
breadth  of  the  dark  band  was,  in  June.  220  miles.  It  was  the 
tiarkest  marking;  on  the  disk  and  was  blue. 

A«  the  season  advanced  and  the  snow  cap  dinitiiished  ils  dark 
girdle  diminished  in  breadth,  with  fluctuations  dependent  ilnubt- 
less  on  the  draining  capacity  of  the  ground.  In  August  it  showed 
as  a  slender  dark  thread. 

That  it  was  water  is  practically  beyond  a  doubt.  That  it  was 
of  the  color  of  water;  that  it  so  faithfnlly  followe<l  the  melting 
of  the  snow;  and  thai  it  subsequently  viinisbed  are  three  inde- 
pendent facts  mutually  confirniatory  to  this  conclusion. 

That  it  was  the  <Iarkcst  blue  marking  on  the  disk  implies  that 
it  was  the  deepest  body  of  water  on  tlie  planet.  That  it  subse- 
quently entirely  drained  off  implies  that  its  depth  could  not  have 
I>ccn  very  great.  Both  facts  together  make  a  first  presumption  in 
favor  of  its  being  not  only  the  chief  body  of  water  on  the  planet 
but  the  only  one  of  any  size. 

This  polar  sea  plays  r/ei/s  ex  macliimi  to  all  that  follows. 

So  soon  as  the  melting  of  the  snow  was  well  under  way.  long 
straits  of  deeper  lint  than  their  surroundings  made  their  ap|>ear- 
ance  in  the  midst  of  the  dark  areas.  I  did  not  sec  them  come,  but 
as  1  have  since  seen  them  go,  it  is  evident  that  they  must  have 
come.  They  were  already  there  on  the  last  day  of  May.  The 
most  conspicuous  of  them  lay  Ix-twcen  Xoaehis  and  Hellas  in  the 
Marc  Anstrale  and  thence  through  the  Mare  lirytharum  to  the 
Httur-glflss  Sea  (Syrtis  Major).  The  next  most  conspicuous  one 
came  down  between  Hdlas  and  An^onia.  Althongh  these  straits 
were  very  distinguishably  darker  than  the  rest  of  the  seas  through 
which  they  ran,  the  seas  themselves  where  then  at  their  darkest. 
The  fact  that  these  straits  ran  through  the  seas  suffices  to  raise  a 
second  doubt  whether  the  seas  be  seas.  The  subsetjucnt  Ixrhavior 
of  the  so-called  seas  renders  their  siquattc  character  still  more 
doubtful. 

The  apiiearancc  of  tUiugs  at  this  initial  stage  of  the  Martian 
Nile-hke  inundation  is  shown  in  Fig.  1.  That  the  seas  were  then 
at  their  darkest  is  probably  due  both  to  the  fact  that  some 
water  had  already  found  its  way  down  from  tlie  pole  and  also  to 
the  fact  that  moisture  had  been  deposited  there  on  the  water's 
journey  up  and  had  tjutckcncd  the  vegetation  of  those  relatively 
amphibious  lands.  The  date  which  this  drawing  represents  was 
fune  1st,  that  is,  idjout  the  Martian  first  of  May. 

For  aome  time  the  dark  areas  continued  largely  unchanged  in 


api>carfince;  during,  that  is.  the  earlier  and  most  cxtensivri 
of  the  melting  of  the  snow-cap.  After  this  their  history  hctj 
one  long  chronicle  of  drving  up.  Their  lighter  purts  grew  Hgi 
and  their  dnrlier  ones  leas  dark.  I'or  even  to  start  with  t 
were  composed  of  cver^-  grade  of  tint.  Indeed  one  of  the  « 
significant  features  about  them  was  that  at  this  epoch  it  was 
possible  to  fix  any  definite  boundaries  to  the  south  tenipci 
chain  of  islands.  The  light  areas  and  the  dark  ones  mci 
distinguish  ably  into  each  other.  Viewed  from  the  stand] 
maps  of  Mars,  the  landmarks  of  this  whole  region  lay  oblil 
by  a  deluge;  not  directly  but  indirectly.  Probably  the  nej 
was  in  vtirious  stages  of  vegetal  fertility  in  consequence  < 
comparatively  small  body  of  water  then  inundating  it  Thcci 
of  the  dark  areas  was  then  and  is  now.  to  my  eye,  a  bluist 
quite  unmistakably  so.  This  tint  gradually  faded  out 
place  to  orange-yellow. 

The  first  marked  sign  of  change  was  tlie  rcnppcaiT 
Hespcrla.  This  took  place  in  July.  In  .\ugust,  when  I  saw  iii 
presence  was  marked.  As  yet  nothing  could  Iwrsecn  of  Atlai 
It  was  not  till  the  end  of  October,  on  the  30th,  that  I  cm 
sight  of  it.  About  the  same  time  the  straits  between  the  uAai 
Zanthus,  Scamandcr,  Ascanias  and  Simois  came  out 
dark,  a  darkness  due  to  contrast. 

Meanwhile  the  history  of  Hespcria  continued  to  l)e 
tivc.  Froni  havlug  been  invisible  in  Jime  and  conspict 
August,  it  returned  in  October  to  a  mid-position  bciwecii 
two.  Figs.  3,  4  and  5  show  it  in  its  three  mctnmorpho 
Vacillating  as  these  fluctuations  may  seem  at  first  sig( 
will  all  be  found  to  be  due  to  one  progressive  change  in  tl 
direction,  a  change  that  showed  itself  first  in  Hesperia  it-icl 
then  in  the  regions  round  about  it.  From  June  to  August  I 
pcria  changed  from  a  previous  blue-green,  tndistingui^ 
from  its  surroundings,  to  yellow,  the  parts  adjacent  reqH 
much  as  before.  In  consccinencc  the  peninsula  stood  oB 
marked  contrast  to  the  still  deep  blue-green  regions  liy  its  1 
Later  the  surroundings  themselves  faded  and  their  change 
the  effect  of  once  more  partially  obliterating  Ilesperia. 

While  Hespcria  was  thus  causing  itself  to  be  noticed,  all  tlie, 
of  the  south  temperate  zone,  as  we  may  call  it  for  identificati 
sake,  was  unobtrusively  pureulng  the  same  course.  Whc 
in  June  all  that  part  of  tlic  disk  comprising  the  two, 
Argyre  IT  and  like  latitudes  was  chiefly  blue-green,  by 
it  had  l>eeome  chiefly  yellow.    The  separate  identity  of 


IjiikIs  bocame  then  for  the  first  time  apparent,  Still  furlltcr  south 
what  had  been  first  snow  and  then  water  tnrncd  to  ycliow  Und. 
This  nietaniorpboRis  went  on  till  on  Oct.  13th  the  remains  of  the 
snow-eap  entirely,  or  practically  entirely,  disa|ipcnred:  the  first 
complete  disappearance  of  it  on  record.  After  this  event  iIjc 
whole  soutli  polar  region  was  one  yellow  stretch. 

Toward  the  end  of  October  a  strange  and,  for  ohiiervntionnl 
purposes,  distressing  phenomenon  took  place.  What  remained  of 
the  more  southern  dark  regions  proceeded  unexpectedly  to  fade 
in  tint  throughout.  This  was  first  noticeable  in  the  Cinimeriutn 
Sea;  then  in  the  Sen  of  the  Sirens  and  in  November  in  the  Mare 
Erythraeum  about  the  I,^ke  of  the  Sun.  This  fading  steadily 
progressed  until  it  got  so  far  that  in  i>oor  seeing  the  markings 
were  almost  impereeptiblc  and  the  planet  presented  a  nearly  uni- 
form yellow  disk. 

Now  this  fading  out  of  the  dark  areas  is  a  highly  significant 
fact,  with  a  direct  l)e&ring  upon  their  constitution.  For  it  is  not 
simply  that  portions  of  the  planet's  surface  have  changed  tintltnt 
that  taking  the  disk  in  its  entirety,  the  amount  of  the  htue-grcen 
upon  it  has  diminished  and  that  of  the  orange- yellow  proportion- 
ately increase<l.  Mars  ap(>ears  more  Martian  than  he  did  in  June. 
Now  if  the  blue-green  areas  represent  water,  where  has  this  water 
gone?  Nowhere  on  the  visible  disk.  That  is  certain.  For  iu  that 
case  the  amount  of  the  dark  areas  shotdd  not  be  perceptibly  less- 
encd;  which  it  is.  Nor  can  it  all  very  well  have  gone  to  that  part 
of  the  planet  that  is  hidden  from  view.  For  Schiapan-lli's  obser- 
vations in  1882  go  to  show  that  the  nortlieni  snow-cap  forms 
late;  one  month  after  the  vernal  et)uinox  of  the  northern  hemi- 
sphere on  that  year.  Since  therefore  the  water  fails  to  prove  an 
alibi,  prestmiptioti  is  instantly  raised  in  favor  of  the  alternate 
hypothesis,  that  the  blue-green  areas  represent  vegetation,  ferti- 
lized by  a  comparatively  small  amount  of  water  whose  direct 
presence  or  absence  is  not  very  perceptible  to  us.  but  whose 
indirect  effects  are.  For  vegetation  might  change  (rom  green  to 
yellow  without  requiring  any  corresponding  inverse  change  else- 
where. 

Now  though  the  passage  of  the  water  may  not  be  traced  by  its 
amount;  there  is  a  further  change  which  has  lately  apiKraml  on 
the  disk  which  hints  at  what  has  liecomc  of  it.  The  canals  have 
darkened.  What  is  more  their  darkening  has  pui-sued  a  perfectly 
definite  course,  proccetling  steadily  from  south  to  iiortli. 

The  follDwiiig  observations  of  mine  show  first :  thjit  the  canals 
are  not  equally  visible  at  all  times;  and  secondly:  that  their  in- 
visibilitv  is  a  matter  of  the  Martian  seasons. 
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In  June  the  canals  were  very  faint  nmrkinfrs  indeed, 
fflint  were  those  in  the  Solis  I^ocus  rej(i<)n.  As  tlic  planet 
prooched  us  they  all  became  naturally  ensier  to  make  oat 
until  October  no  cliange  apparently  iKX-urred  in  any  of  ibeni 
cept  those  in  the  region  about  the  Lake  of  the  Snn.  These 
September  were  already  dark  In  f>ciobtT  they  began  to  sh 
symptoms  of  growing  lighter  np;iin.  At  the  next  prescntntioi 
Xovembcr  they  showed  further  signs  of  change  thongh  not  dij 
ing  as  yet  very  unmistakably  in  tint.  Meanwhile  when  the  Si 
Titannni  region  came  round  in  Xoveinhi-r  I,  i'onnd  that  its  cot 
iiad  Ix'gnn  likewise  to  darken.  Figs.  0  and  7  t^hnw  the  cha 
that  had  taken  place.  The  canals  were  not  only  darker  relati^ 
to  the  Mare  Cimineriiim  and  the  Xrare  Sirenum  than  they  I 
been,  but  actually  darker  themselves.  In  the  next  few  ntgh| 
found  the  more  northern  canals  aboiit  Ccrnuntus  bad  folltj^ 
suit.  Tbcy  had  darkened  relntivcly  to  the  ttouthcm  on< 
the  T*akc  of  the  Sun . 

Xow  on  looking  at  a  map  of  Mnrit,  it  will  be  seen  that  the  Q 
Lacus  region   is  that   part  of  the  continental  areas  which 
nearest  the  south  jkjIc.    Similarly  that  the  region  about  Si 
Titannm  is  the  next  farthest    south.    The  matter   of  Intil; 
therefore  aflects  the  point. 

Tile  same  progressive  change  in  the  visibility  of  the  caj 
shown  in  Figs,  t,  2  and  3.    By  Octolier  3(Uh  the  cniinU 
northwest  (tf  Hesperin  had  become  more  pronounced. 

The  canals  and  so^nlled  lakes  share  therefore  in   the 
metamorphosis,   with  a  season  change  dependent  in   a 
way  upon  their  latitudes.    A  wave  of  deepening  tint  pas 
cessively   through   the  bluegrcen   regions   from  south   t( 
timed  to  the  seasonal  wave  that  travels  from  pole  t«i  polcj 
being  pnle  in  winter,  their  color  comes  with  the  spring. 
through  the  summer  and  dies  out  again  in  the  autumn.    In 
given  locality  the  change  comes  early  or  late  in  prop<jrlion  a« 
plnce  lies,  other  things  equal,  distant  from  ilie  pole. 

That  this  change  of  tint  is  <lue  indirectly  to  water  am 
ly  to  the  vegetation  that  water  induces  seems  probable. 
as  there  is  great  diffi:nUy  in  disposing  of  the  water  on  t1 
supposition  so   the  second  would  lead  us  to  e>:)x*ct  just 
nomenn  observed.    We  may  therefore  conclude  that  the' 
Mars  are  probably   midway  in  cvtdiition   Itciwcen   the 
Htirlh   and   the  seas  of  the  Moon.    No  longer  bodies  of  wj 
they  have  not  yet  become  barren  ocean  lieds  Imt  arc  in  that 
way  stage  of  the  process  when  their  low  level  helps  them  c< 


what  water  still  voyages  upon  the  planet's  surface  lliougli  tbcy 
have  long  since  parted  vvitli  their  own. 

As  for  tlie  lakes  and  canals  t  defer  ivhat  1  have  to  say  about 
them  to  a  later  pajwr.  For  the  purposes  of  this  one  it  is  enough 
that  they  prove  to  he,  like  the  seas,  functions  of  the  seasons. 

ThruuKhoiit  all  these  interesting  changes  that  follow  the  sea- 
sons across  the  face  of  Mars  there  is  but  one  feature  approaching 
permanence:  the  great  continental  arcns.  Kxccpt  for  a  possible 
variation  in  brightness  here  and  there  this  great  aixn  lias  re- 
mained unchanged.  Like  the  reddish  desert  regions  of  our  Earth 
its  color  and  inimutahility  point  lo  like  character  for  cause.  It 
docs  not  change  bccanse  it  is  already  past  such  possibility.  It  i» 
one  vast  desert  waste. 

Lowell  Observatory, 
Nov.  n.  18i)4. 


THE  FORM   OP  THH  DISC  OF  THE  HI    SATELLITE  AND  PHENOM- 
EN  A  OP  THE  OCCULTATION  OF  A  SATELLITE  OF  JUPITER. 

B.  R    nABNARI>- 


In  AsTRi»Nouv  A.ND  .\9TR<).PHV»tC5  for  1894.  Xovcnil>er,  p.'igc 
728,  Professor  William  II.  Pickering  predicts  the  probable  elon- 
gation of  the  dine  of  the  3rd  satellite  of  Jupiter, 

On  that  date  <\ov.  5)  I  examined  the  satellite  closely  with  all 
powers  up  to  1000  on  ^ic  36-inch  with  good  seeing.  From  14'' 
O"'  to  15''  ]0'"  standard  Pacific  time  frequent  examinations  of  the 
satellite  showed  it  to  be  ronnd.  with  the  eyes  held  in  <iiflerent  po- 
sition  angles. 

The  usual  markings  were  seen  on  it,  but  no  distortion  of  the 
disc  was  apparent. 

Professor  W.  H.  Pickering  has  also  called  attention  tolheap- 
peiirance  of  a  twilight  or  glow  of  light  jit  the  limb  of  Jupiter 
just  [jrcceding  the  first  appearance  of  »  saLellite.  when  coming 
out  Irom  oecultatinn.  which  would  prove  a  dense  atinosjthere  to 

I  Jupiter,  exteiidiuf;  above  the  visible  surface.  When  the  satellite 
ha»  been  cut  by  the  limli  of  Jupiter  lie  has  also  observed  a  distor- 
tion of  the  small  disc  as  if  seen  through  a  refracting  medium. 
I  h.nd  never  witnessed  these  phenomena,  and  on  two  (»ccasioiis 
lately  (when  the  opportunity  offered)  have  watched  s{>ceially 
and  carefully  lor  them  with  the  36-inch,  lloth  these  observations 
were  of  satellite  I  at  emergence  from  occultation  and  the  seeing  in 
each  case  was  all  but  (icrfect. 


EmEUUECNCH  of   I  FUUU  OcCILTATIU!«. 

1894-.  Oct.  S.  14"  a""'  «!•  first  ;;IimpM  o(  I. 
1.S94-,  Oct.  8,  14."  40"'  08-  just  free  from  Jai)ilcr. 

The  linili  of  Jupiter  wna  sharp  and  clear.  Writchcil  carrfullv  Um 
any  appearance  of  "  down  "  Iml  no  trace  of  it.  The  satellite 
first  seen  ns  tlic  tiniest  white  «i)cck  and  graduiilly  grew  to 
lundit,v  at  tlic  last  contact.  There  wns  no  dislurtion  u(  thci 
of  I.  There  was  no  trnas|>arency  of  the  limb  of  Jupitrr. 
satellite  was  shur|il,v  nnd  clearly  cut,  the  linib  of  the  plai 
ing  strongly  and  sharply  contrasted  against  the  face  of  I. 
reappearance  wn»  at  a  point  on  the  limb  where  titc  north  rrildul 
belt  would  be. 

EUBROeNCH    OP   I    FROM    OcCt'LTATinx,   STASMAIttl   PaCIPIC 

1894  Oct.  15,  16"  29"  4S'  one-hnlf  oat. 
16'-  ai-  38'  last  conUct. 

Watched   carefully  in  this   case  aliio  for  noy   npitenmna 
"down,"  for  any  distortion  of  the  satellite  and  iVir  nny  ti 
parency  of  the  limb  of  Jupiter.     None  of  these  phcnumcna 
present,  the  seeing  was  fine  aud  tbe  limb  of  Jupiter  clear  ant 
sharp  on  the  face  of  the  satellite,  which  wns  fir>t  cruiKht  as; 
tiniest  s])cck   of  light — the  lime  tif  the  first  glim}KM.-  was  noi 
corded  as  1  wished  to  devote  tny  whole  attention  to  the  prn> 
of  the  rca|iiK':»rfince. 

The>ie  i>l)scrcati(tns  show  that  on  thene  two  cxx-nsions.aC 
there  was  no  perceptible  illumination,  a  Jovian  ntmuspherc 
ceding  the  rising  of  the  satellite.    There  was  no  dtKtorcion  of  J 
disc  of  the  nntelliic  at  any  time  during  the   rrap[ic(iraiicr. 
limb  of  Jupiter  was  jwrfectly  and  nlwolutely  opaque, — as  it 
always  t>een  at  every  obKcrvation  thai  I  hiive  mailc  of  the 
Inlion  of  a  satclhte  with  inslrument*<  varying  all  the  wxy 
5  inches  to  30  iiichea. 

On  this  Initer  suliject,  /.  e.,the  transpnrency  of  the  linih  of 
tcr— 1   have  had  something   Cn  siiy   in  .\s'rui>Kos4V    ami  Am 
PliVsiCii  for  April.  1KU4.  page  272.  and  Jaue.  18t»4.  page  4SH^ 

I  would  simply  tpiote  here  from  the  fintl  i>r  tUcne  papers 
when  I  quote  it  1  uuhesidtingly  cudorscnnd  emphasize  the^ 
ments. 

"The***  ohscrvnltons  have  been  made  with  care,  with  ihiT 
powerful  telescofke  that  to-dny  can  lie  applied   Lo  kuch  iiha 
tions.  and  tbe  limb  of  Jupiter  has  appeared  iierfcctly  opaqw 
nt  all  previous  obwrrations  with  smaller  telescopes. 


Disttibution  of  He&t  on  tbc  Sun. 
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*'I  think  it  is  high  time  that  astronomers  reject  the  idea  that 
the  satellites  of  Jupiter  can  Ijc  seen  throwgh  his  limb  at  occulta- 
tton.  When  the  seeiug  is  bad  there  is  a  spurious  limb  to  Jupiter 
that  well  might  give  the  appearance  of  transparency  at  the  oc- 
cultation  of  a  satellite.  But  uiulcr  tirst  class;  cotulitlons  the  linih 
of  Jupiter  is  perfectly  opaque. 

"It  is  ([uibbling  aud  bc^'gnt^'  the  question  altogether  to  %ny 
that  the  pheiioiueuon  of  transparency  mny  l>c  n  rare  one  and  so 
have  escaped  my  observation." 

There  are  too  many  things  of  this  kind  (transparency  of  the 
hmb  of  Jupiter)  that  have  gained  currency  in  astronomical  litera- 
ture. It  is  the  duty  of  every  conscientious  observer  to  see  that 
they  are  weeded  out.  and  astronomy  will  be  all  the  belter  and 
purer  for  the  purging. 

Lick  Obskkvatukv.  Nov.  9, 1894. 


THE  DISTRIBUTION  OP  HBAT  ON  THE  SUN.* 


w  a.  9.  MoircK. 


That  the  present  temperature  of  the  Sun  is  partly  at  least  due 
to  shrinkage  and  the  development  of  heat  in  the  process*  must,  I 
think.be  admitted,  but  it  seems  to  nie  that  it  leads  to  some  conse- 
quences not  generally  recognized  which  I  propose  to  indicate 
briefly. 

Starting  from  a  position  of  equilibrium,  i.  e.,  which  would  con- 
tinue without  alteration  if  we  could  prevent  heat  from  entering 
or  leaving  the  Sun,  any  further  shrinking  can  only  be  due  t(»  cool- 
ing, or  rather,  loss  of  heat.  The  Sun  probably  reached  this  po- 
sition  of  et|uilibrium  ages  ago.  The  assumption  that  it  is  losing 
more  heat  than  it  receives  from  without  seems  to  be  very  gener- 
ally made,  and  is  so  far  correct,  that  it  certainly  parts  with  more 
heat  than  it  is  known  to  receive  from  without.  The  shrinkage 
thus  caused  is,  of  course,  in  reality  a  single  steady  process,  but 
for  convenience  we  may  suppose  it  lo  occur  in  three  stages:    1. 

contraction  or  falling  in  of  the  solar  matter  toxvards  the  cen- 
of  gravity  due  to  cooling  or  toss  of  heat.  2.  Heat  developed 
by  this  contraction  or  falling  in.  3.  Expansion  caused  by  the 
hcut  thus  develo[Kd.  This  expansion  can  never,!  apprehend,  be 
equal  to  the  original  contrnctii:m  and  the  elVect  of  (2)  is  therefore 


*  Comtnumiatcd  t>y  the  antlior. 
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merely  to  rctnlcr  the  contraciion  slower  than  it  would  be 
heat  were  (Icvelopcd  by  the  contraction. 

So  far  as  heat  received  from  without  is  concerned,  the  tempera 
lure  of  the  Sun  cnnnoi  be  much  nflected  thereby.  No  stnr  is  likri) 
to  have  remained  near  enuttgh  m  the  Sun  (or  a  sufficient  time  it 
render  the  part  of  the  Sun  on  which  its  light  fell  sensibly  bottn 
thnn  the  part  on  which  it  did  not  fall,  nor  docs  there  »ppc«r  t« 
be  nn3'  Jirrunj^ment  of  stars  in  the  aKtnvgnte  that  would  rcc 
one  portion  of  the  Sun  hotter  than  another.  At  to  (be 
(k'rivfd  from  meteors  frilling  into  the  Sini  we  cnn  imly  *] 
late,  but  I  doubt  if  it  would  produce  any  sensible  dtflcrcncc  ii 
tcmpemlore  of  different  parts  of  the  solar  snrfnoe. 

Bnt  the  Sim  is  a   rotating  body,  and  the  crntriftignl   fni 
rotation  is  different  at  different  parts  of  its  surfiice.    It  U 
the  force  of  gravity  everywhere  but  more  so  at  the  solar  cqt 
thnn  in  the  neighborhood  of  the  solar  poles.    Now  the  hen1 
%-eloi)ed  by  contraction  dei>ends  on  the  force  of  gravity   at 
place  where  llie  contraction  tnVe%  place.    Shrinkage  dcvch 
less  heal  at  the  solar  equator  thnn  near  the  solar  polev,  ao( 
state  of  things  must  Jirise  which  completely  invcru  what  we 
on   the    Earth.    The  Sun   is  hotter  at  the  pole*  than   at 
equator. 

There  are  two  ways  in  which  this  superior  beat  might  be  hi 
tained.  One  is  by  direct  measurement.  Test  the  hcnt,  bghl 
chemical  action  of  a  part  of  the  Sun  ucnr  the  equator  and 
<»therpart  near  tlic  ixile.  both  Ijcing  at  eijual  dixtancew  from 
solar  limb.  Uut  the  detection  of  no  n)easnncablc  differmce  vet 
not  decide  the  cpie^tion.  The  photosphere  is  probably  to  b 
similatcd  not  to  the  solid  body  of  the  liarth  but  to  our  tcrrcsl 
clouds.  The  effect  of  the  greater  lient  at  the  pules  mny  Dot  l>c  t* 
make  these  clouds  holier  but  to  make  them  float  at  greater  eleva 
tions  in  the  sohir  atmosphere.  This,  if  it  occurred,  could  Itc  de 
tccted  in  another  way.  The  Son  would  not  exhibit  tfaot  ninoDoi 
offlrtttetiing  ^t  the  poles  which  we  might  cs|>cct  from  the  velocity 
of  its  rotation.  Xo  Hnttening  has  been  hitherto  obwrvcd. 
the  centrifugal  force  nt  the  Sun's  etpistor  is  very  small  com] 
with  grarity.  It  is  only  by  its  continuous  action  for  perl 
millions  of  years  that  a  considerable  difference  of  tcmpemtui 
Lween  the  poles  and  the  cqantor  could  lie  established. 

A  difference  in  tempei'atnrc  between  the  poles  and  theet|nftrm 
woul<l  nece^nril,v  set  up  atr-currents  in  a  body  iKissessing  ni 
mosphere  as  the  Sun  dues.    Hut  in  these  currents  (lar  trade-uH 
and  nnti-tmdrs  would  o(  course  be  reversed.    The  cooler  ni 
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use  lliis  term  air  for  the  gases  which  form  the  solar  ntmospiiere) 
would  flow  in  below  from  the  equator  towards  the  poles,  and  the 
hotter  air  from  the  poles  to  the  equator  would  flow  over  in  upper 
currents.  If  the  sunspots  or  any  other  visible  peeaharities  wei^e 
connected  with  these  currents,  they  would  appear  to  lie  moving 
from  the  pole  to  the  equator  if  they  belonged  to  the  upper-current, 
and  from  the  equator  to  the  pole  if  they  lielooged  to  the  under- 
current. Those  in  the  upper-current  would  take  longer  to  aflect 
a  revohition  than  the  Sun's  true  ireriod  of  rotation,  while  those  in 
the  under-current  would  effect  a  revolution  in  less  time.  From 
this  point  of  view  sunspots  present  some  indiculions  of  being 
phenomena  of  the  upper-currents.  Xo  speh  spots  are  found  in  the 
vicinity  of  the  poles,  This  would  lie  a  necessary  conse(|uence  of 
the  current-thcon.*.  No  system  of  trades  and  anti-trades  could 
extend  to  the  vicinity  of  the  poles.  But  I  can  offer  no  suggestion 
with  regard  to  the  periodicity  of  the  sunspoi  periods. 

The  principles  here  laiil  down  would  apply  to  the  cooling  of 
any  rotating  body  :  but  the  great  supply  of  heat  in  the  planccs  is 
derived  by  radiatinn  from  the  Sun  while  slirinkagu  has  hut  a 
slight  eftcct  on  the  phenomena.  In  ihc  case  of  the  Hnrih  it 
probably  somewhat  lessens  the  dilTcrencc  in  teuiperaLure  iK'twccn 
the  cquaiur  and  the  polrn  which  is  caused  by  the  Sun's  rjidiatiun. 
With  Jupiter  iKrrhaps  the  efl'ect  may  be  tliflcrfiil.  The  planet  is 
more  distani  Inim  the  Sun,  composed  ol  lighter  matcriids,  and 
rotates  more  rapidly  on  its  txis.  Possibly,  loo,  the  coailition  oi 
equilibrium  with  which  I  startnl  has  not  yet  been  attnine<]  in  the 
case  of  Jupiter.  The  planet  undoitbtcilly  sotiietimes  prestiits  |)he- 
nomcna  analogous  to  the  sunspotn.  and  the  rocaiion-jierind 
of  the  planet  derived  from  <me  of  these  spots  ilifl'crs  frotn  that 
derived  from  another.  But  neither  these  Jovian  spots  nor  the 
suns|Kfts  exhibit  the  unuiislahable  changes  of  latitude  which 
might  be  expected  if  they  were  connected  with  air-currenis. 
Perhaps  they  arc  only  formed  near  the  limits  of  a  current  or  the 
|ioinis  where  conflicting  currents  meet. 

Comparing  the  Sun  with  fixed  stnrs.  more  rapid  rotation 
would  exaggerate  the  difFcrencc  between  the  iKdnr  and  equatorial 
temiwratures  and  the  force  of  the  two  systems  of  currents;  and 
of  course  if  the  phenomena  rif  sunspots  are  eoiniectcd  with  these 
currents,  it  would  exaggerate  them  also.  \  spectrum  resembling 
that  of  a  sunspnt  might,  therefore,  be  expected  in  the  case  ot 
stars  which  rotate  with  great  velocity:  and  if  there  is  also  a  per- 
iodicity in  the  apiienrance  of  the  spots,  the  star  would  probably 
he  |)erioilicalIy  variable  in  its  light.    Variation  might  thus  arise 
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not  from  any  jicculiarity  cither  in  tbc  chemical  conipr>t(ittan 
the  tcmiKrriiturc  tif  the  sljir,  hut  froni  ihc  rapidity  itf  its  rol 
and  ct^ll^cqucIIt  ditTerciicc  of  teni|>eraturv between  itst  \H)\n,  m 
equator,    ^meof  our  Urrestrial  geysers  nflbrrl  exnniploi 
odicul  eruptions  arisinu  from  cutitinutius  cau»«s.    They  hi 
indectl  closely  analo^^otirt  to  the  pheiioiiienn  which    I    httve 
considcritip,  hut  oi«y  ncverthclcM  sugj^st  that  periodicity  il 
effect  does  not  necessarily  stippotte  periodicity  in  lhecnu*c; 
moreover  the  sunspot    maxima    do   not    apfienr   to   he  strict] 
periodic. 


THE  TWENTY-INCH   EQUATORIAL  OP  THB  CMAHBBRUN  Oa»»l 

VATORY. 


H.  A.  HOWK- 


Having  been  reciaestcd  by  the  editor  of  Astroaomr  aad  Aatr 
Physics  to  give  hirthcr  details  about  the  Chntnlwrlin  tckscop 
the  writer  begH  to  call  attention  to  the  following: 

The  THpod-hase.  In  the  article  of  lust  month  mention  w« 
made  of  the  tripod  on  which  the  iastrument  stands.  The  wor 
tripod  conveys  the  idea  of  instability,  when  urwI  in  coaaectio 
with  so  large  a  monnting.  Though  Mr.  Sacgmullcr  has  used  tl 
same  form  of  support  for  the  13-inch  telescopes  atProvkleiKw  an 
Georgetown,  n*herc  it  has  given  entire  satisfaction, no  descriptio 
of  it  has  yet  appeared,  .\round  the  iteriphery  of  a  hollow  cylil 
der,  which  is  5  ft.  in  diameter  and  2ft.  high,  are  set  at  cquidii 
intervals  3  pairs  of  isosceh^  right  triangles.  The  plane  of 
triangle  is  vertical,  and  one  of  its  perpendicular  sides  coti 
with  an  clement  of  the  cylinder.  The  triangles  nf  each  pui 
6  inches  apart.  Between  the  outermost  vertices  of  each  pal 
triangles  runs  one  of  the  large  vertical  supporting  boIt«  whk 
were  described  last  month.  These  stout  triangles  may  be  coi 
sidered  as  the  legs  of  the  tripoil.  When  ihc  weight  of  tlu  i 
mcnt  is  on  the  tripod  there  is  a  ten<lency  to  tear  the  ■ 
asunder  at  its  lower  edge.  This  is  resisted  by  a  horixontal 
about  9  inches  wi<Ie,  running  entirely  around  the  base  o( 
cylinder  and  umlemcath  the  triangles.  The  auire  tripod. 
a  single  heavy  casring  weighing  3  tons,  is  extremclT  rigid. 

TAc  Pillar.    The  form  of  the  pillar  denervea  commendalion. 
circular  horizontal  croBs-sc.'tion  is  a  pledge  of  rigidity  in  iLzimuJ 
Its  sudden  flare  at  the  base,  where  the  iron  is  over  6  inches 
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nllows  its  upper  portion  to  be  small,  so  that  observations  can  be 
made  in  or  near  the  zenith,  withont  hoving  the  eye-end  «trike  it. 
For  ol)servntions  near  the  pole  it  would  he  difliciilt  to  get  the  ob- 
serving chair  far  enough  north,  in  case  the  pillar  were  long  north 
and  south,  ns  are  most  of  the  large  pillars  in  this  country. 

The  damps  and  Slow  Motions.  The  dcclinntion  clnmp  and 
slow  motion  is  of  the  customary  toothed  sector  form.  The  same 
principle  is  np]>lied  to  the  construction  of  the  right  ascension 
clamp  and  slow  motion.  The  large  worm  wheel  at  the  upper  end 
of  the  polar  axis  engages,  as  nsual.  with  a  worm  driven  by  the 
clock,  and  cannot  be  clamped  directly  to  the  polar  axis;  it  always 
rides  loosely  upon  that  axis.  Above  the  wormwheel,  that  is, 
l>ctwccn  it  and  the  declination  sleeve  lies  a  toothed  sector, similar 
to  the  one  for  declination.  The  toothed  end  of  the  sector  en- 
gages with  a  worm  mounted  on  the  declination  sleeve,  close  by 
the  small  end  of  the  declination  axis.  The  other  end  of  the  sector 
embraces  a  hub  on  the  upper  side  of  the  big  wormwheel,  and  en- 
circles the  polar  axis,  though  it  docs  not  touch  it,  When  the 
sector  is  clamped  to  the  hub  of  the  wormwheel  the  polar  axis 
cannot  revolve,  unless  the  clock  drives  it,  or  the  slow  motion 
worm  which  engages  with  the  sector  is  turned.  To  render  it  pos- 
sible to  clamp  the  telescope  and  give  it  a  slow  motion,  in  right 
ascension,  when  the  observer  is  at  the  eye-end,  the  declination 
axis  is  made  hollow.  A  stout  steel  lube,  inside  of  which  lie^  a 
cylindrical  rod,  fills  this  hollow.  The  rod  has  a  small  bevel  gear 
at  each  extremity.  The  tube  carries  a  bevel  gear  at  the  cn<I  inside 
of  the  telescope  tube,  and  a  sprocket  wheel  at  the  other  end.  The 
sprocket  is  encircled  by  a  small  chain  by  means  of  which  the  right 
ascension  clamp  is  actuated.  The  clamp  and  slow  motic'h  rods 
start  at  the  eye-cud,  enter  the  telescope  xind  eiigage  with  the 
small  bevel  gears  just  mentioned.  The  motions  are  then  curried 
through  the  decHualion  axis  by  the  internal  tul>e  and  rod,  and 
thus  communicated  to  the  sector-worm  and  clamp. 

The  advantage  of  this  mechanism  is  that  the  instrument  is  held 
strongly,  and  that  the  slow  motion  is  smooth,  delicate,  and  al- 
most free  from  backlash.  The  disadvantage  is  that  there  is  con- 
siderable friction  when  the  instrument  is  moved  by  hand  in  right 
ascension.  For  one  has  then  to  overcome  not  only  the  frictiou  of 
the  wormwheel  rubbing  on  the  polar  axis,  but  the  friction  of  the 
sector  on  the  hub  of  the  wormwheel.  If  a  copious  supply  of  oil 
be  used  to  overcome  this  sector-friction,  the  clamp  will  not  grip 
well.  For  small  equatorials  no  appreciable  disadvantage  arises 
from  this  source,  but  in  a  large  one  every  extra  drain  upon  the 
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observer's  strcngtK  is  to  Ik*  avoided.  So  iidmirublc  are  thi 
friction  wheels  and  balls  with  which  Mr.  Saegmuller  hnseqmj 
the  pohir  axis,  that  most  of  ihc  friction  encountered  in  givioj 
iiistrttnient  rapid  motion  in  hoiir-angle  is  due  to  the  ntbbin 
the  worm-wheel  and  of  the  scclor.  It  is  evident  that  tbu*  fric 
does  not  come  into  play  when  the  clock  drives  the  instmmcnt 

It  wouUi  not  l>e  difTictilt  to  mount  the  wormwhecl  on  j 
bearings,  but  if  the  sector  were  inotintcd  in  like  manner,  thci 
cicncy  uf  the  damp  would  be  diminished,  though  by  no  mi 
destroyed.  However,  it  would  not  l>e  diilieult  to  devise  a  poi 
fnl  and  simple  clamp,  even  if  the  sector  were  etjuippcd  wil^ 
bearings.  ^M 

Fimling  Circles.  The  mechanism  of  the  finding  circles  near 
handwhcels  on  the  south  side  of  the  pillar  is  unique  and  in| 
ioas.  It  is  driven  by  the  two  vertical  rods  at  the  lower  cn<j 
which  are  the  handwlieels  for  quick  motion  in  right  asccni 
nnil  declination.  The  large  cyhndrical  box  containiu^ 
mechanism  hangs  between  these  rods,  and  is  supported  t^l 
on  ball-bearing  collars.  The  rods  themselves  nre  hung  frorrf 
top  by  means  of  bat  I- 1  tea  ring  collars,  and  are  held  tndy 
by  grinding  collars  just  above  the  hnndwheels.  The  east< 
engages,  by  the  help  (tf  subsidiary  gearing,  with  a  large  bci| 
on  the  polnr  axis,  jnst  below  the  hour  circle.  The  west 
similarly  turns  a  stout  tube  of  Mannesman  steel  which  r\\x\\ 
through  the  polar  axis,  and  carries  at  its  upper  end  a  1m;vc1  y 
which  meshes  with  another  licvcl  gear  encircling  the  declinaj 
axis.  A  little  considcra  Lion  will  show  that  if  the  instrumi 
revolyed  un  the  polnr  iixis  both  rods  must  turn,  while  a 
on  tb»  declination  axis  causes  the  western  rod  only  to  tui 

The  conditions  of  the  mechanical  prubletn  so  beautifully  !«oJ 
by  Mr.  Saegmuller,  in  the  construction  uf  this  system  of^ 
circles,  may  Ik.*  staled  as  follows: 

(a)    When  the  itislninienl  rotates  on  the  dcclinatioD  axig 
the  western  rod  alone  is  turning,  the  dccliiiution   jwiintt 
raovc  along  its  dinl.  and  the  right  ascension  pointer  mustj 
tionary. 

(6)    When  the  iastrumeni  is  rotating  on   the  polar  qxmT 
both  ro<]s  are  turning,  the  declination  pointer  must  Im: 
and  the  right  ascension  pointer  must  move. 

(c)     Wlien  the  driving  clock  is  moving  the  instrument,  ai 
roils  arc  turning,  the  reading  of  neither  dial  must  change.] 

{d)     When  the  instrument  is  at  rest  the  reading  of  the 
cension  dial  must  change  coutinually. 


(e)  When  the  instrument  is  moving  on  both  axes,  each  pointer 
most  move  with  Houhle  the  Angular  velocity  of  thecorres]M)nrltng 
nxi$.  and  io  nil  possible  positions  of  the  telescope  the  dials  must 
give  the  right  ascension  and  declination  of  the  <ibject  toward 
which  the  telescope  is  directed.  The  diagram  shows  the  details 
of  the  mechanism,  with  the  exception  of  the  dock  which  drives 
the  ri^ht  ascension  dial. 

The  Micrometer.  In  the  former  article  there  was  oneeriticiiam 
of  this  Httachment,  on  the  ground  that  the  position  circle  was 
hard  to  read,  when  the  box  was  direct!}*  over  the  verniers. 

Having  now  used  the  micrometer  a  httlc,  the  writer  finds  that 
this  difficnlty  is  hardly  worth  mentioning,  incase  only  one  ver- 
nier is  to  be  rend,  which  is  generally  snfficicnt.  For  that  end  of 
the  box  on  which  the  illuminating  lamp  is  fastened  is  so  high  up 
that  one  can  look  under  it  and  read  the  circle  easily.  The  writer 
has  seen  no  other  micrometer  as  (inc  as  this  one,  except  the  oat 
built  by  the  same  maker  for  the  Lick  telescope. 

Electric  Iliutninatioa.  Since  the  previous  description  of  this 
was  written,  a  number  of  experiments  have  been  made,  the  re- 
sults of  which  may  be  of  interest.  Fn  illuminating  the  verniers  of 
the  main  circles,  which  arc  read,  from  quite  a  distance,  by  telf- 
seopcs.  small  electric  lamps  having  elenr  bulbs  are  not  satisfac- 
tory, because  they  illuminate  strongly  only  a  small  jiortion  of  the 
Tcrnicr.  After  experimenting  vainly  for  some  hours  with  2  c.  p. 
tamps  assisted  by  reflectors  and  lenses,  G  e.  p.  lamps  with  frosted 
bulbs  were  6xed  upon  for  the  declination  verniers,  and  ordinary 
16  c.  p.  house  lnm|)s,  set  with  the  long  porrion  of  the  fdnment 
parallel  to  the  edge  of  the  vcmicr,  were  used  for  the  hour  circle. 
The  6  e.  p.  lamps  were  set  close  to  the  verniers,  and  the  16  c.  p. 
about  a  foot  away.  The  axis  of  symmetry  of  each  6  c.  p.  lamp 
bulb  is  parallel  to  the  edge  of  the  vernier,  und  the  lamp  is  backed 
by  a  semi-cylindrical  reflector  of  bright  tin.  The  large  rough  set- 
ting circles  on  the  declination  axis  and  on  the  north  face  of  the 
clock-box  arc  illuminated  by  2  e.  p.  lamps  with  clear  bulbs. 

The  general  principle  is  that  a  bright  reflecting  surface,  like  a 
silver  circle,  is  to  be  lit  up  by  a  frosted  lamp,  while  a  dull  surface 
fares  better  if  the  lamp-bulb  l>e  clear. 

For  the  micrometer  wires  a  2  c.  p.  clear  bulb  lamp  is  used,  and 
its  intensity  is  diminished  by  a  small  coil  of  germnn  silver  wire, 
giving  a  resistance  variable  at  will.  This  is  preferable  to  using 
a  1  c.  p.  lamp,  which  gets  very  hot.  Instead  of  employing  a  red 
shade-glass,  one  may  purchase  of  the  Edison  Miniature  and  Dec- 
orative I-amp  Co.  (Harrison,  K.  J.)  tamps    with  ruby  balbs. 
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In  a  paper  bearing  the  above  title,  published  in  the  6r8t  uuini>er 
of  AsTRONOUV  AND  Astro-Phvsics  (Jani'^O'-  lyy-).  tile  reasons 
which  had  prompted  the  publication  of  a  journal  of  astronomi- 
cal physics  were  enumerated,  and  evidence  was  adduced  to  show 
that  considerable  support  might  be  expected  for  such  a  venture. 
It  had  been  my  intention  to  establish  a  separate  astroph.vsicctl 
Journal,  but  the  uncertainty  of  such  an  undertaking  led  to  an  ac- 
ceptance of  Professor  Payne'sproposalof  a  union  with  the  Sidereaf 
Messenger,  and  Astrunumv  and  AsTKO-Puvstcs  was  the  result. 
The  contents  of  the  thirty  numlwrs  ptiblislietl  during  the  three 
years  which  have  elapsed  since  that  time  oiler  suBicient  testi- 
mony to  the  usefulness  of  the  composite  journal.  From  the  out- 
set the  editorial  supervision  of  the  dcpurtmcnts  of  Gctternl  As- 
tronomy and  .4s£ro-jP/n'sics  has  beun  kept  entirely  distinct.  The 
policyof  the  latter  department  has  liccn  determined  by  my  self  and 
my  associates,  Professors  Keeler,  Crew  iind  Ames,  while  the  selec- 
tion of  all  other  matter  published  in  the  journal  hns  been  made 
by  I'rofessor  I'ayne  and  those  who  were  associated  with  him. 
No  attempt  has  been  made  to  draw  a  hnrd  and  fast  line  between 
the  twii  departments.  Had  this  been  done,  and  a  strict  definition 
of  "xistrophysics"  adhered  to,  a  large  part  of  the  matter  pub- 
lisheil  under  General  Astronomy  would  have  ap[>eared  lu  the 
other  department  of  the  journal.  It  was  thought  best,  however, 
to  confine  the  scope  of  Astro-Pbysi'cs  to  the  more  technical  sub- 
jects connected  for  the  most  part  with  six-ctroscopic  work. 

In  returning  to  the  original  idea  of  a  purely  astrophysical 
journal  we  are  simply  following  out  a  long-cherished  plan,  few 
who  appreciate  the  true  sco^k:  of  ustrophysii.'s.  and  have  its  best 
interests  at  heart,  will  deny  the  advisability  of  devoting  an  entire 
journal  to  this,  the  most  fascinating  and  at  the  same  time  the 
most  rapidly  advancing  department  of  astronomical  research. 
In  spite  of  the  existence  of  physical  and  astronomical  journals  of 
the  highest  class,  the  astrophysicist  or  sjiectroscopist  is  at  a 
loss  to  know  where  to  publish  in  order  to  reach  the  audience  he 
desires.  Shouhl  he  choose  an  astronomical  journal,  he  will  6ad 
that  his  paper  will  remain  unread  and  unknown  by  a  very  large 
majority  of  physicists— the  very  men  who  are  perhaps  best  com- 


Professor  James  E.  Keelcr  of  Alle>;liciiy  Olwervatory,  whose  as- 
gncifitioii  in  the  editorial  ninna^enient  of  Astronomy  and  Astro- 
F'hvsics  has  done  so  much  for  this  Jouriial,  has  agreed  to  join  the 
writer  in  editing  The  Astro  physical  Journal.  Professor  Henry 
Crew  of  Northwestern  Tniversity  and  Professor  Joseph  S.  Amc» 
ol'Johns  I-ropkins  Tniversity  will  continue  the  vulunblo  work  tlicy 
have  hitherto  carried  on  in  connection  with  Astronomv  and 
Astro-Phvsics  as  Assistant  Editors  of  the  new  journal,  and  Pro- 
fessor F.  L.  O.  Wndsworth  of  the  University  of  Chicago,  Profes- 
sor Kdwin  B.  Frost  of  Dartmouth  College,  ond  J^rofegsor 
\V,  W.  Campbell  of  the  Lick  Observatory  have  promised  to 
assist  in  the  same  capacity.  In  addition  to  this  exceptional 
editorial  coOt>eration — in  itself  quite  sufficient  to  make  Tuk  As- 
trophvsical  JoiRNAL  truly  inicmationat  in  character— we  are 
fortunate  in  having  promises  of  ns*istaTicc  from  many  astrono- 
nicrs  and  physicist*  in  Euro]»e  and  America. 

It  must  ilol he  supposed  iliatTHK  Astrophvsical  Joukxal  will 
deal  on!y  with  the  astronomical  applications  of  the  s|>ectroscope. 
On  the  contrary,  the  scope  of  the  jotiRXAL  will  Iw  quite  as  broad 
AS  that  of  Astronomy  axd  Astro-Piivsics  has  tiern.  for  while 
papers  dealing  only  witli  cpicstions  of  cclefttlal  uicchiinics  and 
measures  of  the  positions  of  the  heavenly  bodies  will  not  fall 
within  it,  they  will  be  replaced  by  articles  treating  o(  laboratory 
rcseiirchcs  closely  allied  to  the  invesligatiouH  of  astronomical 
physics.  Drawings,  photographs,  descriptions  and  theories  of 
the  Sun,  Moon,  planets,  sfitellitcs,  comets,  shooting  stars,  star 
clusters,  nebula?  and  the  Milky  Way  will  all  be  considered  as  cnm- 
ing  within  the  scope  of  the  new  journal.  So  too  will  observations 
of  variable  stars,  photometric  dclcrminaiions  of  stellar  magni- 
tudes and  planetary  albedo,  nteasurcnicnts  of  solar  radiation 
and  atmospheric  al>sorption,  observations  of  the  phenomena  of 
lunar  and  solar  ecli|>ses3,  and  the  nunicrotis  applications  of  the 
si)ectroscope  in  astrononty.  The  importance  of  supplying  a  com- 
mon place  of  publication  for  papers  on  l>otb  the  observatory  and 
laboratory  applications  of  physical  methods  of  research  has  al- 
reatly  been  poiiiled  out.  For  this  purpose  much  space  will  be 
devoted  to  articles  on  wave-lcngih  determinations  of  the  lines  in 
solar,  inetiillic  and  gaseous  spectra,  bolotiietric  and  holographic 
work,  spectral  photometry,  experiments  on  radiation  and  :ib- 
sorptiQn,  photographic  researches  in  the  ultra-red  and  ultra- 
violet, studies  of  the  relations  of  the  lines  in  dilTcrcnt  spectrn. 
interference  and  ilitlfraction  phenomena,  and  theoretical  work  in 
certain  branches  of  optics,  heat,  electricity  and  other  departments 


States,  Canada  and  Mexico.  In  other  countries  of  the  Postal 
Union  the  price  is  18  shillings.  Subscriptions  should  he  sent  to 
TfK  University  of  Chicago,  University  Press  Division,  Cbicngo, 
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THE  MODERN  SPECTROSCOPE. 
IX. 

PIXBD-ARM  SPECTROSCOPES. 
PItANK   L.  O.  WAOSWOJtTlt- 


Tn  prismutic  spectroscopes  and  spectrometers  of  the  usual  con* 
stnicLion  it  is  ntc-cssiiry,  in  order  to  observe  different  portions  of 
the  spectrum  under  the  same  conditions,  tn  vary  the  an};le  be- 
tween the  axes  of  the  obscrvinji;  and  collimnting  telescopes  by  the 
rotation  nC  the  ann  which  carries  nuc  of  these  tclescojies  about 
an  axis  iiarallcl  to  the  refracting  cd^^e  of  the  prism.  Usually  the 
arm  which  carries  the  slit  nnd  the  collimnting-lens  is  fixed,  and 
that  corryiiig  the  observing  telescope  is  movable;  but  sometimes 
the  apparatus  which  it  is  necessary  to  carry  on  the  observing  arm 
ia  so  massive,  or  else  requires  such  a  degree  of  stability,  that  it 
becomes  necessnrj-  to  fix  it  in  position  and  make  the  slit-arm  the 
movable  one.  Then  difficulties  ore  at  once  encountered  in  the 
illuminalion  of  the  slit,  if  n  fixed  source  of  light,  such  as  the  Sun 
or  n  star,  is  nnder  examination.  Even  if  terrestrial  sources  be 
employed,  it  is  nfitimes  extremely  undesirable  to  have  a  compli- 
cated system  of  collimator,  slit,  condenser,  and  source  of  light, 
swinging  about  on  a  long  arm,  and  in  particular  cases  such  an 
arrangement  is  absolutely  inadmissable.  In  such  cases  where 
both  arms  of  the  spectroscope  are  necessarily  6xed,  we  may  easily 
bring  the  different  parts  of  the  spectral  field  to  the  cross  wires  of 
the  observing  telewope  by  a  rotation  of  the  prism  alone;  but  in 
none  of  the  usual  forms  without  violating  the  usunl  condition 
imposed  in  s|)cctroscopic  work,  viz.,  that  the  prism  shall  always 
be  in  luinimum  deviation  for  the  central  ray  in  the  field. 

Heretofore  the  only  forma  of  "fixed-arm"  spectroscopes  which 


cated.  It  hardly  seems  possible  that  the  tisc  of  a  reflecting  sur- 
fftco  ill  this  waycnn  lie  new, as  it  is  something  which  wOiiW  natur- 
ally suggest  itsell'  to  ajiyonc  who  might  consider  the  ]>robIcm; 
but  no  reference  has  been  found  to  its  employment,  perhaps  be- 
cause the  necessity  for  a  "fixed-arm"  spectroscope  docs  not  often 
seemingly  arise.  I  hope  to  show,  liowcver,  that  at  least  some  of 
the  forms  which  hove  been  developed  during  the  last  three  years 
are  simpler,  more  convenient,  and  less  expensive  than  the  ordi- 
nary form,  and  for  speetrometric  work  quite  as  accurnte.  1  will 
briefly  describe  these  forms  ia  the  order  of  design  and  use,  for  this, 
perhaps,  naturally  Is  also  the  order  of  increasing  simplicity. 

Case  I.— The  case  which  first  led  me  to  a  consideration  of  the 
problem  was  one  in  which  it  was  desired  to  examine  the  ra||ia- 
tions  from  a  Oeisslcr  tu!)e  by  means  of  the  wave-comparer.*  irerc 
the  instrument  which  took  the  place  of  the  usual  observing  eye- 
piece was  a  massive  apparatus  weighing  about  500  pounds, 
which  required  great  steadiness  of  mounting,  while  tlie  Gcisslcr 
tul^e,  which  itself  served  as  the  slit,  was  attached  to  a  mercury- 
pump  on  one  side  and  to  a  sodtum-amalgam  generating  appara- 
tus, with  its  attached  drying-tuhes.  mcrcurv-valves,  etc.,  on  the 
other,  in  such  a  way  as  to  make  its  movement  im|K»s8ibIe.  At 
6r8t,  indeed,  the  tube  was  mounted  on  a  slit-arm  of  the  8])ectro< 
scope,  sufficient  flexibility  l>elng  secured  to  allow  of  different  lines 
being  brought  on  the  slit  of  the  wave-comparer  by  the  use  of  long 
lengths  of  glass  tubing,  but  experiments  soon  showed  that  it  was 
necessary  to  keep  the  passage  from  this  (Ussier  tube  to  the  pump 
as  short  and  large  as  possible.  If  any  considerable  length  of  tul>. 
iog  intervened,  unusual  precuutions  had  to  be  taken  to  keep  all 
part»  of  it /wr/cct/vdry  and  clean,  for  only  under  these  conditions, 
which,  as  the  tubes  were  frequently  changed,  were  almost  innjos- 
eibte  to  maintain,  could  the  McLeod  gauge  attached  to  the  pump 
be  relied  upou  to  give,  even  approxituiitcly,  the  true  pressure  in 
the  tubes,  particularly  when  llie  electric  discharge  was  passing. 

The  arrangement  adopted  in  this  case  was  that  shown  in  plan 
in  fig.l,  n.XLIII ;  where  t  is  the  Geisaler  tube  which  ser\*es  as  the 
source;  tu  a  mirror,  mounted  on  a  verlical  axis  on  the  movable 
spectroscopic  arm  R ;  and  S  the  slit  of  the  wave-comparer,  which 
separates  out  the  radiation  which  is  to  be  analysed  by  the  latter. 
To  the  lower  end  of  the  shaft  which  carries  the  mirror  m  is  fixed 
a  tirum  connected  with  a  second  drum  a.  fixed  on  the  axis  of  the 
spectroscope  by  two  steel  cords.    The  drum  a  is  jnst  one  half  the 

'  Sec  n  patirr  br   Pr*>(«;M<»r  A.  A.  MicltcI«on.  "Applimlion  of  Inlcrfrrem-c 
Xfetliodt!  tu  $pcvtn>K'opic  McciiiDrfrnK^nU."  Phil.  Mug.,  &t\>l.  18u2. 
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th*  nngulnr  error  in  the  rending  will  evidently  be 


il) 


>vlierc  K  is  the  focal  letigiU  of  the  collimatur.  I'or  most  prisms  ( 
will  uot  cjccecd  6°  fruiii  end  to  end  of  the  spectrum,  and  iKtici;,  if 
we  suppose  «  =  4o".  for  the  position  of  nican  deviation  we  have 
for  the  maximum  error  rf  =  .UU13r  R,  or  if  r/R  —  ,"5,  rf  =  25". 

It  is  evident  that  there  will  he  a  change  in  the  local  distance 
S,  6.C  as  the  iirm  rcvolvts.  which  under  the  conditions  just  as- 
sumed, would  iiniount  to  about  , Ji„  R.  This  was  not  altogether 
a  (iisudvantngc.  for  when  the  tenses  O  and  C  are  cither  or  both  of 
them  simple  lenses,  \vc  can,  by  choosiup  a  value  of  r  R  suitable  to 
the  parttcuUir  prism  used,  very  nearly  compensate  for  the  optical 
change  in  focus  in  parsing  trom  the  violet  to  the  red,  or  rice  versa, 
by  the  nievIiJinic.'il  lengthening  or  shortening  of  the  path  S6C. 
From  an  inspection  of  (1)  it  will  be  seen  that  the  correction  will 
Idiniinish  as  the  ratio  r  R  diminishes,  and  will  become  0  for  r=  0, 
or  for  R  —  -Xi.  This  indicated  at  once  two  methods  of  eliminating 
the  eiTor.  The  first  and  simplest  is  to  place  the  mirror  between 
the  prism  and  collimator  instead  of  between  tube  and  collimator 

Ins  iudicatetl  in  dotted  lines  in  Fig.  1  (PI.  XLIll).  The  second  is 
to  make  r  =  0  by  placing  the  mirror-face  in  the  axis  of  rotation 
of  the  spcctroscoiw.  To  do  this  \vc  roust  either  place  the  prism 
considerably  out  of  center.  Fig.  2  {PI.  XLIK),  or  else  we  must 
place  the  mirror  above  or  below  the  plane  of  rclniction  (Fig.  3, 
PL  XLllI.)  In  either  case  a  second  reflector  must  be  used  to  re- 
ceive the  beam  fmm  the  first  reficctorniand  returnitto  the  prism. 
^  This  second  reflector  may  conveniently  be  a  concave  mirror  of  a 
■local  length  sm  +  mc.  which  will  at  the  same  lime  serve  as  col- 
"limotor.  or  as  an  objective  of  the  observing- telescope.  As  ihe 
'  motion  of  the  mirror  is  in  tins  case  the  same  in  dircctit^n  as  that 
■  which  mast  Ik  imparted  to  the  prism  in  order  to  keep  it  in 
"  minimum  deviation,  the  mirror  may  l)c  attached  directly  to 
the  prism-table  or  to  the  prism  itself.*  Which  of  these  two  latter 
[forms  is  to  be  usetl  will  be  determined  by  llie  conditions  of  use. 
[The  second  form  wa«  the  one  employed  when  the  wave-conipnrer 
IwHsiiscd  in  connection  with  a  S[Kctrotnetcr  in  ex])erinients  tm 
[wave-length  measurements  in  the  infra-red  solnr  spectrum.  In 
ithi*  furrn  the  my  is  rcllccted  out  of  the  plane  of  incidence  ainj  rc- 
Liraction,  and  the  spectrum  is  consequently  inclined  at  a  small 


*  The  lincV  of  the  priiim  may  he  po1i*he4l  and  Hiltrcrvd,  nnd  nrmn[inl  to  act  a« 
tlicfintt  rrlln-Lor,  nsin  V*g.  'JA.'PI,  XLltl. 


In  Fig.  2. 
let  J  =  distnnce  on  frum  axis  of  rotation  to  the  face  of  the 
cttncavi*  mirror; 
r=  perimidieiilar  distanec  o/>  from  the  axis  to  the  plane 

of  the  reflecting  mirror; 
(B=  aiif^lf  oac; 
ff  and  a  have  tlic  same  meanings  as  I>efore. 

When  in  adjustment  the  line  of  collimation  passes  through  the 
axis  of  the  rotation,  and  the  detlccted  ray  oit  will  fall  on  the  cen- 
ter of  the  coucuve  mirror.    Then  we  have  from  analytical  geome- 
try tlic  following  etiuations:— 
For  the  line  ac, 

y=iao  {0  +  ai)  [;t  —  rf cos  (?]  -f  dsinO 
=  —  tan  2ft  [X  —  d  cos  0] -^  d  sin  B,       .  (2) 

9mc«  *+ ^=180°  — 2«; 

and  for  the  line  dc, 

r 


r  =  — tan  a  {x)  + 


cos  a 


(3) 


The  lateral  disptacement  ( Jr)  of  the  ray  will  be  the  ordinate  of 
the  point  of  intersection  of  these  two  lines.  Salving  (2)  and  (3) 
ior  y  we  have 

jiy  =:  cf  sin  ( 2«  +  fl)  —  2r  coa  a. 

If  the  system  be  turned  through  a  small  angle  f,  ^  l>ccome8  (^  +  ', 
and  «  Ijccomcs  "  —  *,  2.    Hence  "  +  2"  =  const.,  and 

jy  =  dsin  (ff-H  2flr)  — 2rcos(ir— f/2), 
Jy  —  ^y  =  2r  [cos  a  —  cos  (a  —  </2)3  ai  r  cos  (B  4-  to)  sin  * ; 

or  the  lateral  displacement  is  directly  proportional  to  r,  to  the 
cosine  of  the  angle  of  deviation,  and  to  the  angle  of  displacement. 
Since  *  is  fixed  hy  the  prism  usctl.and  oj  must  be  small  in  order  to 
•ccore  good  definition,  the  only  way  in  which  the  error  of  dis- 
placement may  be  reduced  is  by  reducing  r;  hence  the  object  in 
placing  the  mirror  juKt  as  close  to  the  prism  as  possible.  In  the 
actual  case,  the  values  of  r,  ff,  and  at  were 

r  ^  10  centim.,  $  %  50"  (for  D  lines),  and  to  ^  8*". 

Hence  for  <  =  3*  wc  have  Jjr'  =  3  millim.,  and  the  angular  error 


is,  as  before,  3/R  — 


3560 


—  3'  nearly. 


It  will  readily  be  seen  that  if  we  do  not  impose  the  condition 
that  the  reflected  ray  shall  l>e  iwirallel  to  the  line  of  colliniation, 


F.  L.  O.  Wadsworth. 


84d 


of  necuracy  could  be  secured  if  nt-cessai  y  by  the  use  of  a  minimum 
devintion  attaclinifiit  uf  pure  linkwark,  like  that  shown  in  Fig.  4- 
(PI.  XLIV),  which  is  far  sii|Krrior  in  every  respect  to  the  ordinary 
sliding  link-form  usually  placed  on  a  spectroscope.*  It  may  also 
he  secured  by  the  systcni  first  descril)cd,f)ecausc  in  it  any  required 
degree  of  accuracy  may  be  reached  by  an  increase  in  size  of  the 
drams,  a,  h. 

It  was  at  first  thought  that  a  return  to  this  system  would  be 
necessary  ;  but  while  considering  bow  this  could  liest  be  done,  the 
idea  of  another  simple  system,  which  did  away  with  all  mechani- 
cal arrangements,  presented  itself.  It  is  derived  from  the  first 
modificati'm  of  the  earlier  system  (Fig.  1,  Fl.  \L11I]  very  casily 
by  suppressing  entirely  the  movable  spectroscujK'-arm  and  secur- 
ing the  retUvting  mirror  rigidly  to  the  prism.  It  will  evidently 
have  the  same  aiigidar  motion  as  l>eforc.  anil  will  therefon*  rcHect 
a  ray  which  passes  through  the  prism  at  minimum  ilevintiun  in 
the  same  rliri'ctinn  for  all  positions  of  the  hitler,  or  rice  rersw. 
With  this  anangemcnt  it  is  evident  that  there  will  be  no  error 
due  to  nu-chanicd  inaccuracies  of  the  nuiving  parts  because  there 
is  no  limger  any  relative  motion  l>etween  them,  both  iirisiii  and 
mirror  Inriiig  \\%Ki\  relatively  to  each  other.  Mat  it  would  appear 
ut  first  sight  that  for  large  tingleK  of  deviation  the  light  would 
fall  upon  a  very  (lilTcrent  part  of  the  reflccling  mirmr  to  that 
which  il  would  for  small  anglcs.nnd  ilinl  a  targe  lateral  displace- 
ment of  the  reflected  ray  might  becx|)ected  in  consH|uenee.  The 
lateral  sliilting  is  no  great  detriment  if  a  colliiujitor  is  used,  and 
the  beam  which  passes  through  the  prism  is  a  strictly  parallel 
one,  f(tr  then  its  t-ft'eci  is  simply  to  necessitate  the  loss  of  some 
light,  or  else  the  use  of  larger  lenses  to  provide  for  this  shifliiig. 
Hut  where  only  one  objective  is  used,  as  in  tlic  simpler  forms  of 
inslninients.  or  for  some  special  reason  in  the  l>ettcr  onest  (sec 
Pig.  7,  Fl.  XI.IV).  and  the  beam  through  the  prittm  is  in  conse- 
rjtience  conical,  the  lateral  displacement  gives  rise,  as  already  ex- 
plained, to  an  angular  errordepending  on  the  radius  of  curvature 
of  the  wave-front  of  the  incident  beam.  This  error,  or,  more 
properly,  correction,  was  es|>ecially  objectionable  in  the  particu- 
lar work  then  in  hand, in  which  it  was  very  desirable  to  maintain 
an  exact  relationship  between  the  angular  rending  of  the  spectro- 
meter-circle (in  which  prism  and  mirror  were  mounted),  and  the 
wave-length  of  the  radiation  falling  on  what  eorres]>otided  to  the 

*  Kempr,  '  [.wture  on  r^nkaK^s,'  p.  40. 

\  In  tint  case  it  was  (leHimltk-  in  nnhrr  Hint  1h«re  mi);Iit  Ik  imliltlc  loss  liy  rv- 
flectum  still  nliMirption  «»  pOMiibk*. 
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2  sin  ^,'2  r      ■     ,a  o   I    i_n       d  -\-  n  cos  a 

7,—  [a  sin  P  2  -|-  6]  — 

, cos  H     *-  -*  cos  rt 

~  tan  a  +  tan  ^  ' 

_  2  sin  '^  2  cos  a  [a  sin  fl,  2  +  fe]  —  {d  +  a  cos  '«•)  cos  d 


sin  («  +  ^) 

2  sin  »  2  [a  sin  (?  2  +  6]  tan  a  —  ^  +  ^  '^^^  "  tan  0 
,  cos  tt 

tan  a  +  tan  ^ 

_  2  sin  ^/^2  sin  «  [a  sm  ^/2  +  fo]  —  (t/+  a  cos  «)  sin  5 
~~  "'  ^     sin(a  +  &)  * 

The  equation  of  the  reflected  ray  CD  will  be 

_r— r'- tan  (fl+  2a)  (x  —  a:'). 

and  the  length  of  the  perpendicular  let  fall  from  the  origin  will  be 

=  tan  (.  +  2«)  x^_^v'  ^  ;,,,,„(,  ^  2«j  _  „,  ^^,  ^,  +  ^^^ 

Substituting  the  values  of  a-'  and  v',  reducing,  and  introducing 
the  relations 

^  +  2rt  =:  /^  =  constant, 
B-\-it    ={(i~a). 

we  finally  obtain 

p=2a  cos^  /3,'2  +  2b  sin  ^,'2  +  2d  cos  (a  +  5). 

The  term  2a  cos^ /S/2  is  a  constant,  but  the  last  two  terms  are 
variable.  It  will  be  seen  at  once  that  we  may  make  p  a  constant, 
viz.,  prevent  any  lateral  shifting  of  the  ray,  by  simply  making 
both  b  and  d  equal  to  zero.  In  other  words,  if  we  simply  fulfil 
the  condition  that  the  axis  of  rotation  of  the  system  shall  be  at 
the  intersection  of  the  plane  bisecting  the  refracting  angle  of  the 
prism  with  the  plane  of  the  reflecting  mirror,  there  will  be  no 
lateral  displacement  of  the  ray  which  passes  through  the  system 
at  minimum  deviation,  for  different  values  of  6,  viz.,  for  different 
wave-lengths.  There  is  one  case  in  which  this  does  not  hold,  viz. 
when  these  two  planes  are  parallel.    Then  we  have 

a^^Q"  —  e/2,  or  a-\-e=  180°  —  a. 
Hence 

6  sin  5/2 +  d cos  (a  +  6)  —  {b—d)  cos  a; 

and  therefore  we  may  in  this  case  make  p  constant  by  making 
b^d:  in  other  words,  by  making  the  two  planes  coincident. 
Then  the  second  half  of  the  prism  becomes  useless,  and  we  have 
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arrangement,  which  is  in  une  sense  a  dircct-visiun  s[iectr(>scupe 
with  but  a  single  prism,  fullils  the  ounditiun  of  parallehsm  b<r- 
t\v«en  tt)«  refracted  reHected  ray  and  the  iticideat  ray,  and  it  is 
therefore  the  one  which  has  been  finally  adopted  for  the  spectro- 
bolometer  of  the  Olwervatory  in  place  of  the  fonn  first  used  on 
that  instrument.' 

A  plan  view  of  the  mounting  in  tliis  particular  form  of  instru- 
ment is  shown  in  Fig.  5,  V\.  XLIV,  and  a  side  view  (jihotograph) 
in  PI.  XLV.  It  will  he  seen  tiiat  the  prism  and  mirror  are 
monuled  together  in  a  single  frame  AA.  provided  with  three  leveU 
ing-Bcrews  which  rest,  one  in  a  conical  hole,  the  second  in  a  slot, 
and  the  third  on  a  plane;  so  that  the  whole  frame  may  readily  be 
removed  from  the  siiettrometer  table  and  then  replaced  in  exactly 
the  same  position.  The  triangular  prisni-lablc  H  is  arranged  to 
slide  vertically  in  the  ;;uidcH  a  b.  ami  thus  provide  for  prisms  of 
dtfTerent  heights.  The  table  has  a  motion  of  adjustment  regu- 
lateil  by  the  screw  c,  about  a  line  pnrallel  to  the  niirrorfacc.  for 
the  purpose  of  bringing  the  i-efrncting  edge  ol  the  prism  |)firallt*l 
to  that  face,  and  is  provided  with  screws  e.  f.g,  h,  which  serve 
to  adjust  the  prism  laterally  and  in  angle,  so  that  in  the  first  place 
the  plane  bisecting  the  refracting  angle  may  puss  through  the 
axis  of  rotation,  and  secondly,  so  that  the  prism-faces  may  niaUe 
equal  angles  with  the  faces  of  the  mirror  (the  minimiini-devintion 
condition, }  It  will  be  observed  that  when  these  screws  arc  once 
adjusted  they  serve  as  stops  which  will  bring  any  jfrism  (of 
standard  iMV  angle)  that  nmy  l>e  used  into  tlie  correct  position; 
for,  if  smaller  thnn  the  prism  for  which  they  were  adjusteil,  it  is 
only  necessary  either  to  turn  each  one  in  a  measured  amount,  or, 
more  simply,  insert  a  thtii  piece  of  glass  or  metal  between  the 
screws  on  each  side  and  the  priKm.  A  still  better  plan,  if  many 
prisms  are  to  l>e  used,  is  tn  have  each  prism  mounted  nii  a  bnse  of 
the  required  size  on  which  it  has  been  adjusted  once  for  all  and 

*  Since  writing  the  al>avc  my  intention  liA'*  Imn  CAlletl  to  nn  nrticlc  in  Zeit. 
far  lavtrumrntenkunilr  (ur  NnTrmlwr.  I8MI,  ilrmrribinjf  this  |>itr(itut:ir  "«lir«ri- 
xHsion"  nrnin^cTnciit  of  'he  priBm  ani\  mirr>>r.  Therr  was,  liciwvvcr,  no  inilicntion 
of  thcgcncriil  ilrt^t  of  ivhik'h  Iliin  i«  Iml  a  pnrticul.ir  lype,  nml  hcm-c.  of  conrae.  mt 
inifk'»(K>>i  iif  the  tonilniunn  whirti  it  w.ik  iiect-«iiary  to  fulfil  to  prcvrnl  a  lalvral 
EhiHing  ut  tb<r  hL-nm:  inilcrd.  the  author  Hmii^  tii  nn;c|)t  this  Ijitcml  shif'ine  as  a 
nccrmary  cnnditi'in.  fur  ln:«av«"lKr  tin  Mtnifniim  ilrr  ,\hlcnknn%  rttircliftchcmie 
Stmhl  wird  nUo  l>ci  ilirscr  Anontnun);  niir  acicliuh  ctwas  Tffw.ln>lwn. " 

Professor  Lnngky  hii<I  nlmi  ijuiti:  indcpcnilcnlly  uncil  this  |)Hnicutnr  nrrungr- 
nicnt  of  tin»m  iinil  rcfltvtin;;  mirror  in  «  morliKcntion  of  Fournutt'ft  "  Lifting 
I'riiim"  f'>r*cinr«tins*J''f*'"S'"^**''''*'^"'  '•"f'^l*'**^''  jjr^ti'HI-Bpvftra.  I»  his  u9C 
of  ic  the  lateral  ilisplnn-ment  w.'tsrc'OjintM'il  n.*  (jli^ectiunnble.  and  was  mrchnnic- 
ally  corrected  ti>r  by  an  ingcnioiH  nrr/in^cnu-nt,  rf*«igne<l  bv  Mr.  0.  T.  Cliild.  tfKii 
utisiBtnnt  in  the  oiiservatory,  wliii'h  iinjiartril  to  th^-  mirror  a  small  angular 
motion,  just  sutfictctit  to  i.'orrcL-c  for  tlic  unsnlar  illsplnccmcnt  of  tlic  spectral 
imnge,  it*  the  wliole  %y%\trm  travt-lletl  down  tltron^h  the  upectruni. 
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i9=2(/tf-(90''  +  tf)). 

where  ff  is  the  circle-reading  for  a  deviation  ff,  and  tr  is  the  wro- 
rending  detcrniint-d  ns  nlrendy  described. 

In  very  acciirntc  spcclrometric  work  it  is  important  to  deter- 
mine just  what  degree  of  accuracy  is  required  in  making  the 
varions  adjustments  of  parts  to  each  other  in  order  to  attain  a 
given  degree  of  accuracy  in  the  final  result.  The  theory  of  these 
adjustments  is  comparatively  simple,  but  somewhat  lengthy,  and 
it  will  therefore  be  !)rief!y  itidiciited  in  a  future  paper. 

AsTRO-PiiYsiCAi,  OnsKRVAToRV,  Washington,  I>.  C, 
Marah,  1893. 


ON  BRESTERS  VIEW3  AS  TO  THE  TRANQUILLITY  OP  THE  SOLAR 

ATMOSPHERE. 

A.  BRBSTBk,  Ja. 


If  the  views  attributed  to  nie  by  Or.  E.  von  Oppolzcr  umlcr 
this  title  in  ihe  August  number  of  this  journal  were  really  mine, 
his  eriiieisin  would  have  Ijcen  entirely  just.  But  fortunately  my 
ideas  are  quite  different  from  those  attributed  to  nie  by  Dr.  von 
Oppolzer.  ani]  in  certain  cases  they  arc  diametrically  opposed  to 
them,  I'or  cxatiiple,  Dr.  von  Oppolzer  states  twice  that  in 
order  to  bring  my  theory  into  agreement  with  observation  I  am 
foreeil  to  adopt  the  inipossible  hypothesis  of  a  flattened  photo- 
sphere surrounded  by  n  spherical  atniospliere.  But  this  is  exactly 
the  reverse  of  my  supposition.  My  theory  requires  a  spherical 
photosphere  surrounded  by  a  tluitcned  atmosphere,  such  as  in 
figured  on  jiage  '12  of  «iy  Theorie*  Such  forms  have  fretiuenily 
been  plioioKrjiplied  during  ecli[)ses,  and  described  by  J,  Hcrschel. 
Scechi,  Lockycrnnd  Young.f 

Dr.  von  Oppfdzer  has  moreover  failed  to  properly  understand 
what  my  theory  indicates  to  be  the  priacipal  cause  of  the  trim- 

•  Th^in'e  Hii  Solelf.  Verhitnttetln/rfti  (kr  K.  Attaikmic  vea  Wetemchapjten. 
Amfteninm  |  Ente  SckIk)  tJcel  I,  So.  3. 

t  Sc«,  tor  example,  tlic  lipautiftil  photoprophe  n>ndc  liy  VVIiippIc  In  l>l(j9.  hy 
Dietrich  on  P«.  11!,  IHTl.niid  hy  Biimnnl  ilutinj;  ihf  «-li|)»e  iit  Jim,  1,  I.SH9. 
Scechi,  VuuiiK  «iiil  J.ijL'kyer  nlio  iiKrcc  in  t-uiiftiilrriii};  ihnl  ihe  a-^lar  iitiiiusplwnc 
hna  a  flottcitcl  (nini:  Scechi,  /c  Sokil,  II.  p.  ■***'.';  I,  p.  3it!,  "The  Sun  is  sur- 
munilrit  liy  n  very  extensive  iumt»sphcrt,  ih-.- hrijilit  of  which  i»  Ht  Icjisi  cfpial  to 
hall  the  imlur  rudius.  It  b  timre  cxfciiiiivt  at  tlte  (-rjittitor  than  at  Ihi-  imW." 
YotiiiK.  Tht  SuiK  \).  173.  Lockycr,  ClKmisiry  of  the  Sun,  p.  424;  ilmi.  p  428, 
"  Wc  hflveaeen  thnt  the  ntnumplii-rvof  ihcSiin  over  thcccguntor  is  tiij^lirr  thnn  it 
i»  OTcr  the  pole*."  Sulnr  Physics,  p.  49.  "Sir  Jobti  HcrKbct's  Iwauliful  (Iwory, 
thnt  the  Sitn  i«  Rclunll,v  colder  at  the  pules,  by  reason  of  tW  smaller  thickness  o( 
tlKcittnosphcrc  in  the  polar  regions  nlJowin);  a  gnaicr  rndintioii  of  hent." 
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tis  to  change  onr  ideas.  For  wr  sec  in  the  physical  and  chemical 
condensations,  by  meanH  of  which  the  Sun  continually  restores 
its  lost  heat,  an  fiiitomatit-  brake  preventing  all  movements, 
which  without  it  would  certainly  bccanscd  by  the  cooling  due  to 
radiation. 

Kcvenhclcss,  the  tranqailHty  of  the  solar  vapors  is  by  no  means 
absolute,  and  it  is  clear  in  any  cnsc  that  at  those  points  where 
the  uneven  surface  of  the  photospheix*  with  its  zones  of  abnormal 
velocity  meets  the  bnse  oi  the  exterior  sniar  gases,  the  tranquillity 
of  the  bafie  of  the  atmosphere  will  l>e  seriously  disturbed.  Bat  as 
the  horizontal  movements  thus  cnusc<l  take  place  without  change 
of  tem[KTaiure.  they  remain  localized  at  the  level  in  which  they 
have  their  birth,  and  consequently  disturb  the  solar  gases  only  tn 
the  immediate  neighborhood  of  the  surface  "f  the  photosphere.* 
It  will  be  seen  that  here  my  ideas,  though  arrived  at  very  dlflcr- 
cntly,  lead  to  nearly  the  same  result  as  those  of  Dr.  von  Oppol- 
zer  himself.  He  also  reaches  the  conclusion  that  the  solar  gases 
are  permanently  stratified,  and  that,  vertical  currents  being  al- 
most impossible,  movement  takes  plnee  most  commonly  in  a 
horirontnl  direction,  and  is  of  no  effect  in  disturbing  the  stratifi- 
cation of  the  overlying  gases, {■ 

I  would  accept  without  reserve  the  uncxiwcted  support  which 

the  analytic'il  investigations  of  Dr.  vou  Opp<jl7er  seem  to  give 

to  my  theory  of  the  |>ermnnent  slrntificntion  of  the  solar  gases, 

if  these  investigations  were  not  based  on  the  hy(K>thesis  of  an  in- 

initely  small  density  of  the  solar  atmosphere,  even  at  the  pboto- 

Sspheric  level  J 

This  is  an  hypothesis  which  I  cannot  omit,  and  I  have  devoted 
2S  pages  of  my  J7;<?or/e  to  its  refutation.!;  I  will  not  recall  here 
the  numerous  arguments  which  nre  brought  together  there,  but  I 
will  now  point  out  two  others,  unknown  to  me  when  developing 
my  theory.  These  nre :  1st.  the  rtsearchesof  Professors  Vogel  and 
Seeliger  on  the  diminution  of  the  intensity  of  clinTerently  colored 


•  Thtork  fht  Sotcll.  p.  1«. 

i  "  If.  moreover,  wc  lukc  intn  conEidcrMtian  (sBva  Dr.  Ton  Oppolxcr)  that  the 
]iriiictp<il  inuvcnirnls  in  nn  Rtninsptictc  take  pln^  horticontiilly,  tt  ittcviilnii  lliuC 
llic  vertical  (liB|K>Bitiiiii  of  layers  can  soJirecly  Ik:  siiliject  ro  urcnt  ilisturb- 
inces  ...  it  is  a)i|M>n-iit  ttini  if  thr  thickitess  nf  the  stnitn  be  over  t",  n 
vrrticnl  movcinmt  i-nti  take  pldtr  niilv  witli  ilifTn-iiUy,  nnd  is  in  (net  almost  iitlcrl,v 
^bwlceH.  Th*  rK("i.-riJi(ure  <>I  cncrjiy  whicli  wimlO  itiereltr  l>c  remiitx-d  lias  been 
cntenluU'il  by  mc  in  thr  tnniv  ^Mitirr.  Disiurhanecs  of  the  Inyers  in  n  vrrtteal  sense, 
which  wnalU  Ik  fthnwii  by  obstrvniions  nl  the  fpcirtiTtni  ul  the  i-hroniosgihrtr,  liiii 
con«c<|ur'i(ly  scuix-cly  1i*  liccn.    .    ,    .*' 

t  von  Opfwker:  Uclier  dk  Unacbe  tier  Sonaea^kta  (SilM.  Btr.  d.  K.  Ak.  rf. 
WisrenM-hnficn  in  IVicn.  CII.,  April  I8t)»).  p.  6, 

S   Tbeitrie  lia  finltil,  pp    K7-ll."i. 


gas  emita  less  heat  than  n  con(Iense<l  dust,*  And  as  for  the  H 
and  K  lines,  iheir  bri|;ht  reversal  over  spots  does  not  prove  the 
existence  thereof  n  higher  temperatHre.  For  we  know  from  the 
researches  of  Wiedemann,  R.  von  Helinholtz,  W.  Siemens  and 
I'rinj^ihcim  that  the  light  emitted  by  on  incandescent  gas  does 
not  (ieiiend  solely  upon  the  temperature,  hut  for  the  most  part 
upon  the  chemical  comliiiiations  which  lake  jilnce  in  it,t  The 
regions  immediately  overlying  spots  Rhnuld  lie  particularly  well 
suitcfl  for  the  production  ofcheniicnl  comhiuRtions  and  the  con< 
scfpient  increase  of  luminosity.  Kor  in  virtue  of  the  inferior 
emissive  power  of  the  gas  tilling  the  spot,  all  the  neighboring 
regions  of  the  solnr  atmosphere  will  be  less  highly  heated  than 
are  those  where  the  incessant  loss  of  heat  by  radiation  ts  more 
fully  compensated  for  by  the  grenler  radiation  of  the  unbroken 
photosphere.  And  as  in  the  solar  ntmosphcre  chemical  combina- 
tions become  possible  only  as  the  result  of  heat  losses,  it  is  qnite 
natural  that  such  processes  should  take  place  above  and  around 
spots.  In  these  regions,  consetjuently,  and  with  no  possible  in- 
creose  of  temperature,  chemical  luminescence  will  occur.  Its 
effects  will  be  seen  either  ns  bright  reversals  of  the  H  and  K  lines, 

'  It  must  not  l>c  forgotten  Lhnt  the  iKut  ravH.  which  tlw  spotft  sccm  Lu  ciuit, 
will  nci-CMtarilv  \k  suciiptlifticO  i(  iIk  noliir  Ettiiiuaiitwrc  which  thcr  Lr.tvcrveis 
filkd  wUh  iiiL-nnikftcvnt  dnst  ol  high  cmisaivc  power.  Now  ttiy  thtory  requires 
above  s[iot«  A  cumlrnNnlii'tn  more  aliundiint  thAii  ctscwbcrc  o(  dottdy  dost.  This 
du»l  •cviii*  to  nic  to  hi.vc  liwn  fntiiMMitly  ot«sicr*cd  in  the  scintillatiun  which 
Trotivtrlot  hjia  rcninrkcfl  n)iove  the  umhra  «!  simiId,  pnHlucinj;  there  the  rflW-t  of 
flurries  of  «iiow;  or  in  the  iittciiAcly  brillinnt  ulyecta  moving  with  n  velocity  n« 
jjfenl  a»  33  leaKue<>  [wr  wrcuntl,  which  Cnrriiijjion  nn<I  IIodjjBoii  oliscirnf  lor 
jtcveral  miniitennn  the  cdjie  of  a  »(M>t ;  or  n">  iihintcnls  of  whitv  iniiitcr  seen  by 
Sct-chi  to  trniisforni  rapidly  ioto  ro<tc<t>1orcd  vriJ:»;  or  iis  while  prominences;  or 
ewn  a"»ciiniiiol  Btrcnnicr*. — Tmuvelot;  BaU.  Astr.  V'nl,  II  — [.ockyer:  C'AemMfrv 
of  the  fiuti,  \i  -m.-Cnrrinutoii:  Monthly  NntieeM.iiov.  IS-W.— Young;  The  Suit, 
p.  93.— Arechii  fcSoie./.  I,  p.  104,  (Pirs.  53.  5*,  5S>. 

t  U.  Wirdemnnii:  Pogg.  Attn..  (N.  T.)  37.  I'p.  ]-7-24«— R.  von  Helmholtit: 
Pw  t.U-/it  ttnd  WaruKstrabtunje  verbrenncti Jcr  Oasc,  BrrMn.  IS'tO.— E.  PriiiKsliHin: 
IVkiI.  .Aim.  +.'',,  |j.  -ISS.  PiiH  KInhfiullKlic  Gcsett  uifl  ilie  Slrahlong  lUr  Oasc. 
Wicil,  Ann.  I'.t.  p.  347.— Aceoriliiiy  to  l»r.  I'rintisheiii)  the  imp- usance  of  chrmical 
proctsse§  111  the  pr"iliielif>ii  of  tik-  liirbt  cmitletl  by  iii«iiulc3»eeiit  ynxe*  J»  »u  great 
llinL  wilhuMi  LheK  proceitKk  no  li^ht  whatever  would  he  eniKted. —  \}r.  F. 
rnschen  ( tl'rrd.  Ana.  50,  pp.  •K)E)'tl3).  while  disputinjj  this  eonciunon  of  Vr. 
Pring^iieini.  is  nererthclefu  forced  to  admit  thni  clHMnicnl  pruce^sc^  fr«|iiciuly 
•trenfi;! Iteu  InmirrausemiBiioti.  U'c  know,  moieover.thni  nt  u  tempci'AItirc  ol  lr>4 
than  I.V)^  sulphiile  nf  enrbon  produces  ti  bluish  i\nmr  giving  a  ilitcondnuons  opec- 
tmm.  It  !sconHei|»eiitty  not  true  that  lite  liiniinotm  ecnimion  nl'an  iiicm-lcocnt 
fiAs  depcnil*  oitiv  on  the  tc»i|M.-r,iliirc.  aii<l  the  common  apphcnlion  of  Kiivhhoir» 
Lttw  m  n»tro  pbysics  thus  li>8es  its  security.  I^-t  v-  -■■-  't,  for  exnmple.  the 
ttright  linee  in  the  siKctm  ot  Norn;  nnd  of  tnany   v.,  «turi.    Tbcsc  lines 

ore  not  necef^nrilr  produced  by  h  ^as  at  u  very  h-j:  mliire.     It  t»  much 

mure  probahk:  thnc,  in  nccorilnncT  with  my  theory,  they  nrr  only  the  effect  of 
rtKmical  luminra -en^.  In  thec<^Hilc«i  layers  nfthmc com pnralively  cool  atars  the 
molecule*  A  and  B  combine  chemically,  nnil  the  brat  thui  proJiK^vil  vniMtnxi's  the 
cload«,  nnd  tempornnly  revcaU  co  U4  the  ttlowini;  intenor.  Sec  in  tlti«  cunnee* 
tjon  B'terC :  VKrtetiahrKhrilX  tier  Aiiroa.  Gesel/xcb  ift,  18i>2,  p.  3i.  PringsUdra : 
It'Mc/.  flan.  Afi,  p.  i2»;  19.  p.  347. 


A .  Breater,  Jr. 

spheric  cloiid«.  Now  as  the  gasrs  in  the  openings  must  hnve 
taken  up  tlif  velocity  of  ihc^c  clouds,  it  is  not  .-ii  all  surprising 
that  Professor  Diini?r,  when  seeking  to  determine  the  velocity  of 
the  8olnr  ntmoRphere.  in  reality  measxired  the  vclrn-ily  of  the  pho- 
tospheric  clouds,  which  hjis  long  been  known  to  vary  with  the 
latitu<le. 

If  this  tntcrprctatioTi  is  correct,  the  Frannhofer  lines  in  the 
solar s[j€fct rum  may  he  divided  into  three  classes :  1  st,  telluric  lines, 
which  ore  unaflected  by  the  solar  rotation ;  2nd.  lines  of  the  solar 
atmosphere,  which  arc  shown  hy  Professor  Crew's  observations 
to  !)c  displaced  by  the  sohir  rotation;  3rd,  photosphcric  solnr 
lines,  which  arc  shown  by  Professor  Dun^r's  obscivations  lo  be 
displaced  by  the  solar  rotation.  This  is  a  deduction  from  my 
theory  which  it  ought  not  to  be  difficult  to  verify. 

It  is  in  any  case  clear  that  a  new  determination  of  the  rotation 
of  the  solar  atmosphere  is  very  desirable;  such  a  determination 
will  not  Ixr  conclusive  tinless  preliminary  study  is  devoted  to  the 
character  of  the  lines  to  be  employed  in  measuring  the  displace- 
ment. 

If  in  the  mean  time  my  interpretation  of  the  observations  of 
Professors  Crew  and  Dun^r  be  regarded  as  correct,  n  very  simple 
explnnation  of  the  diittribution  of  the  spots  in  zones  may  be  de- 
rived  from  it*  This  explanation  comes  out  clearly  from  thcfo]. 
lowing  t.iMc : 
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It  is  evident  from  the  table  that  at  a  latitude  of  11°  theangulnr 
velocity  of  the  photospheric  clouds  is  exactly  equal  to  that  of  the 
atmosphere  above  tlicm.    .\t  higher  latitudes  the  clouds  move 

*  3>t.r  llieiiry  (pp.  I3.H-I43)  iiulk-nU-n  ttt.i(  ntbcr  c<iuw>  mny  unite  wilb  tho>e 
mCTiiiuitrd  Ucn.*  tu  cauHv  ttiv  iltRtril>u(iciii  nf  llw  sput^  in  lotiv*. 
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£1.  A. 


Tbe  Dm  of  the  Short-Focus  Camera  in  StelUr  Spectrom  Pbotography.— Tlierc  is 
itill  a  word  to  Ik  said  about  tbc  sliun-focus  catncru  in  pliutuj^ritpbips  vclcstial 
spectra.  That  it  "applies  effectively  to  the  study  of  all  Inrjfc  objects  yirldins 
brixht-tiiK  spcctrA.  comets,  large  netiulie,  nuram  borcalis,  etc.,"  will  hardly  be 
cntled  in  quritton.  I  huvc  said  tliat  very  different  prindples  arc  involved  wlicn  it 
is  used  in  pboto^rnpliing  ctrllnr  spn-trn.  Dr.  Krcler  contends  [in  the  November 
A«TROKouv  AKD  AsiRoPRVitics]  that  it  dors  not  apply  at  all  when  the  source  of 
light  ia  a  star.  1  um  unable  tu  aKrce  with  him.  My  view  of  t>>e  cjnestion  has 
iKen.  and  atjll  is.  that,  other  thintiB  beinj;  ei|iial,  wc  can  reduce  the  cx[»}sure  time 
for  faint  (and  bright)  st«llnr  spectiii  in  two  eniirrly  indq>endent  ways. 

1.  By  usinj;  a  piism  train  of  lower  dispcniive  power.  Other  things  bein^ 
equal,  wc  decrease  the  length  of  photograpbeil  itpc«lntin,aiul  thefefore  thecxpns. 
ttrc-tidK,  in  proportion  as  we  decrease  the  dispcrvive  p-.iwer  o(  the  prism  train. 

2.  Ry  reducing  the  l>H'[il  length  uf  the  camera.  Otbcr  things  being  n|ual.  wc 
reduce  ttie  length  of  the  photoirrnphc<l  sjicctruni,  nnd  therefore  the  exposure  time, 
in  proportion  as  we  decrease  the  lenpth  of  tlie  cnmcrn.  The  width  ui  tlic  plrato- 
grnphcd  stKvtruni  nccil  not  he  talicu  into  account  here,  since  it  itinst  l>e  eiiunlty 
wtik  ill  all  cflBcs.  I  rtgrce  with  Ur.  Kceler  that  to  ohtMin  the  ncce«*nry  width,  tlw 
"drift"  of  the  star  mnsr  be  increased  in  proportion  as  wc  decrease  the  kngth  of 
the  camera;  but  it  is  the  ttrift  oo  iIk  slit  which  must  be  iimeaseil,  titid  not  the 
drifk:  on  the  aeaxttire  plate.  The  drift  on  the  i>latc  is  constant  for  all  focal  lengths. 
To  obtain  the  increased  dril^  on  the  slit  dors  nut  call  for  increased  clock  time,  but 
[i»cren«cd  driving  clock  rate. 

But  let  me  pnl  it  in  atmlher  wuy.  In  nny  given  time  the  (jiiMntitr  of  light  en- 
tering the  itlit,  and  tlicrefoie  the  qaanttty  of  liKht  liilling  apun  (he  sensitive  plate, 
are  i»ilc[)endent  of  the  length  of  camera.  We  rou?'t  iif^^umc  that  tlu:  width  of  pho. 
ingrnphecl  »|iectrum  is  cnnsiant  and  thercfurc  indviieudcnt  of  length  of  camera. 
The  length  of  spectrum,  nnd  therefore  the  ffrea  of  iiicctnim,  vary  with  the  length 
of  the  camera.  Sow  if  the  quantity  of  light  per  unit  of  time  is  coitsiaat,  and  the 
area  upon  which  it  falls  vanes  with  the  length  of  camera,  the  necessary  expovurc 
must  also  vary,  and  it  will  vary  directly  as  the  local  length  of  the  camera.  If  we 
reduce  the  focal  length  one-hnlf,  we  reduce  the  area  of  the  pholugmphed  sfiectrum 
ooe>hair:  and  since  the  quantity  of  light  per  unit  of  time  is  constant,  we  reduce 
the  necessary  esposurt-time  approximately  one-h/ill.  To  give  the  rtar  the  proper 
drift  on  the  slit,  the  driving<tock  rate  must  be  increased  four^fold. 

Of  course  I  have  not  advocated  the  nsc  of  the  short  camera  when  the  object 
to  be  studied  \*  bright ;  it  reduces  the  scale  of  tlic  photograph.  Dot  with  faint  ob- 


Wrights'  ikctrical  process,  by  the  dciwgii  in  a  hiRli  vnctiiim  of  rapor  from  an 
inilacCion  spArk,  is  ndmirnhk  lor  small  »urf«c«, — such  m  grtlvftnomcter  mirmrs; 
but  19  not  fipplicable  tu  large  ones. 

What  ia  wanted  i*  a  thcmical  method,  hitnilnr  to  that  nf  stlrering,  by  whkii  a 
culiermC  fitm  t«  dejiosited  from  a  solotioa.  1  venture,  in  ricw  of  the  importance 
of  tbc  matter,  to  refer  to  some  incomplete  experincnt«  of  my  own  which  seem 
cnpoblc  uf  solvinfj  the  jirublem. 

I  send  ;ou  a  amiill  mirror,  about  :t  X  2  r .  m.,  whtrh  was  eoated  by  such  a 
chemical  proL'ess.  I  have  niblK-d  this  mirror  hani  with  the  fingem,  with  rouge, 
washed  it  in  lint  and  cold  water,  and  with  strong  nitric  acid,  ll  scema  as  perma- 
nent ns  the  glaiM  upon  which  it  is  depointed, 

Tbc  method  is  as  follows : 

Solution  I. 

Cbloroplntinitc  of  potassiom  1  gram.    Water  6  c.  c. 

SoLtmoK  II. 

Make  a  0  per  ccut  solution  of  ueutrul  potassium  uxulate.  Warm  tCK)  c.  C.  oF 
this  and  odd  ferric  oxalate  30  gruras.  Filter  mid  keep  in  the  dark,  or  in  a 
black  bottle. 

Ctcnn  the  ginss  ns  for  silvering.  Mix  ei|Dnl  pnrts  of  1  nud  II.  Have  thcglasft 
dry  and  warm ;  p<.)ur  a  thin  layer  or  the  mixed  sohitious  upon  it,  and  placi:  it  in 
strong  )iunligbt. 

The  »arlace  tension  of  tli»  liquid  prevents  it  from  ritnning  over  the  edge  of  ttic 
glass,  ami  the  plutv  may  be  rocked  iibout.  if  tlw  liquid  layer  Ik  not  too  thtck. 

Light  rcdiiL-es  the  fcrrit:  osulute.  which  dissalves  in  potassium  oxalate  and  re- 
duces the  |iljitii)um. 

I  huvc  cxiierimcnlcd  upon  ordinary  lantern  slide  glasses  (St:^  X  4-in.),  and 
bare  sometimes  wi-uml  gicilcct  hini*  over  the  rutin.-  siurlncc-  Unlottunatcly  haW- 
ercr,  tlisrc  is  ao  i^ercaincy  ab^uc  thv-  iwtiDn,  and  laibire  hus  In-vn  more  lrri|nrnl 
thiin  success.  When  you  get  a  good  lilm  it  is  very  good  iudced.  aud  1  write  ihi* 
hoping  thai  "uDieom:  may  be  able  to  suggest  some  motlilicalion  by  which  the 
action  may  Ih;  made  cenuin. 

Of  course  I  linrc  tried  tcrcat  numbers  of  mndifica lions,  but  thu4  far  have  pro* 
dnccd  nothing  better  thnn  tt>e  above.  The  fact  that  it  will  immrttmrs  work  to 
perlrction  is  proof  nevertheless  that  it  c«n  be  made  to  always  do  s*>. 

Ituwd^nu  College.  Brunswick,  Me.,  Oct.  22.  c.  c.  fluTCiltXS. 

The  small  platinum  mirror  acnt  us  by  Professor  Hutcbins  is  of  such  cxcelleai.-c 
as  to  dcniiin» irate  the  enlne  of  titc  chemictd  method  ol  depositing  films  of  plait- 
auni  upon  glass.  Un  acvount  of  its  jicrnianence,  a  plntinuin-oii-glass  nlirror 
would  jioMicKS  a  con  wide  r.-ible  ;idrnnlnge  over  the  urdinnnr  nilver-on-gbts*  mirror, 
which  must  frctjuently  tie  renewed.  It  is  to  be  hoped  that  further  experinicots 
will  l>e  made  for  tbc  purpme  of  perfecting  the  interefiinif  eliemical  process  here 
(IcserilKil. 


ExpcTimeats  on  thft  Radiation  of  HMted  Oases.— In  the  Octnber  number  of 
Knowktl^c,  Mr.  EvcT*licd  dcHCttbcM  some  cx)>eriinmts  on  a  subject  lo  which 
renewed  interest  has  recently  brru  gircii  by  the  rcM^nrL'bcs  of  Pringshcim  and 
Smicbclls,— the  origin  of  biighl-litic  spectrn.  Tbc  exiiei-iments  were  made  fur 
the  purpose  of  ascertaining  wtiether  the  heated  vapor  of  iodine  obeys  Kircb- 
hofTs  taw,  and  whether  metallic  vapors  can  ^be  mudc  to  emit  their  character- 
istic ntdintiona  by  bent  alone,  chemical  and  electrical  nclion  lieing  exrlnded. 

hi   Mr.  Bvershed's  apparatus,  which  was  simply  though  tngcaiotisly  con- 
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([ainilton  Tor  tlic  monthB  of  Jalr  and  Aagast.  In  innnj  wars  it  la  leM  tlinn  3S 
frfr  ccnf.  Thrrc  in  nn  rtiflictiliy  in  Miectinft  nigtita  for  observing  tlic  >()<.vtriim  of 
Mora  wtiai  our  relalive  huiurtlity  ia  nol  inoif  than  23.  Tliia  ia  a  vrry  inipurtaiit 
fnctor,  ■iii(«  tn  cxnintninf^  Mara'  nfKCtruni  li>r  ct'idmcnt  n(  nqncons  vnpor  it  ie 
very  ioipurtaut,  kg  )aii&M*n  p'^iiilrd  out  in  18G7.  th»t  vfv  diiniitatc  us,  fnras  pi»i- 
l)lc  the  tiTcct  of  iii]tKOua  vapor  in  our  own  ftrmoH|»hrre.  The  observer*  do  iihI 
tm  to  liuvc  takcii  thtafitctnr  into  acc«tunt  (rKCTpc  JnnsMrti*  tKcdctAilnof  whnsr 
DbsTrrnttona  appear  to  be  anpublished).  Ilv  exnmlrifng  the  coitteniporAry 
weather  data,  I  find  thnt  aonie  nf  tbc  uhacrvatjuns  irere  made  wlim  the  rclatire 
humidity  was  HI,  85  and  r^'eii  90.  All  tltc  prineipnl  published  obDerrniiotw  wecc 
mnde  where  the  iivcr(i){c  rrtaiivc  Immidity  at  those  aeaions  of  the  year  is  some- 
ttiiBB  like  8*>," 

It  will  Iw  seen  that  the  siihjcet  of  tliat  paraRrnph  JA  relative  bumUUty.  Ii 
will  ol8(i  be  seen  Ihnt  the  lirtll-sontence  overlooked  by  Dr.  Hu/igins,  "This  is  n 
rery  tinpuiuiiit  fnetur,  etc.,"  refers  lu  ttie  fciL-tor  telative  buiuHliiy,  It  lunat  also 
be  evident  lliiit  the  cxprcfisioti  quotetl  by  him,  "The  observers  do  not  »ccni  to 
have  taken  ilils  factor  into  account,"  refers  lo  the  factor  refatire  humidity,  nnd 
not  to  nf|ueoiifl  rnpor  in  f;eneral.  1  do  not  understand  thai  Dr.  Hugginadid  take 
the  factor  rrlntivc  hnmidity  intii  necnant.  ILa  impo-tiince  dou<  not  wcm  tu  br 
generiilly  understood,  nnd  I  shnll  briefly  stale  its  hrarin^  u|<on  the  problem. 

lit  order  to  eliminate  theeflTect*  u(  <iur  own  almoHjibere  nnd  whatever  it  may 
contain,  it  is  soffident.  tbcoTetically.  to  observe  the  spectra  of  Mars  am]  the 
Moon  when  thew  bodies  have  n|ttnl  nllitudea;  nnd  Dr.  lla(;gins  will  find  in  ihe 
paragraph  next  (utfowinR  the  one  from  whii-h  he  quoted  that  I  ijavc  the  observers 
full  erctlit  for  empbiyiag  tliiit  method  when  I  wrote  "tlic  otutcrvent  ftouj|{lil  to 
eliminate  the  effect  of  our  ntutospbcn;  and  its  nqucoua  vapor  by  otiwrving  thr 
lunar  fpectrum  when  the  Mtmn  wna  at  the  anine  altitudes." 

Now  while  that  method  is  theoretical ly  suflident.  prnctirnlly,  it  j*  not.  It 
would  be  theoretically  sufficient  to  observe  the  Mnnn  nnd  Mnrs  as  soon  as  (Aer 
Appear  obore  Ihc  hariton;  but  procticallr,  every  observer, would;wnil,  or  ought 
to  wail,  until  lliey  nre  near  their  mnximum  allilnde,  in  order  to  eliminate  on  far 
na  possible  from  lioih  «prcir.-i  ihc  cfleels  of  our  own  nlmoFpbcre.  If,  fur  example, 
tlic  altitudes  uf  there  buuteK  at  one  lime  an;  only  35^  and  al  aiioiber  time  arc  00°. 
the  relative  thkbnessc^  of  atniosptirre  passed  through  by  tlic  rays  of  1i);ht  art 
about  as  2  to  I,  and  clearly  there  would  lie  a  tireat  advantage  in  obnervtng  at  the 
altitude  60°.  Similarly,  if  the  relative  humidity  of  our  aimosphercot  one  time  ia 
SO  per  cent  and  at  nnother  lime  is  only  \^.  clearly  the  laticr  time  sbonlil  be  pre- 
ferred for  ob»ervat!oti.f  If  It  is  im|iortai)l  lo  reduce  the  tliicknesi  of  the  slr'ilum 
ol  tlicalmosplit-rc  hjr  of)ficrnng  when  Mars  nnd  the  Muku  have  great  nitiiudeti 
rather  than  hjw  ones,  it  is  equally  im[>orlnnt  to  obiwrve  wlieii  the  retalive  liu- 
midily  of  tl>e  almosphere  is  low  ralltcr  than  when  it  is  high.  Jnussen  deserves 
grcut  credil  lor  .-tscrnding  .\lt-  Etnn  to  mnke  tilwterralions  of  Man*  "pcctrum, 
Dy  »o  doing  be  eliminated  nearly  half  our  atmosphere  and  probably  much  more 
than  half  the  ,-iiiuci>as  vapor.  If  thnt  was  worth  duing,  wc  on  Uk  surface  ougbC 
to  eliminate  the  nqucoua  vapor  as  ikr  as  possible  by  selecting  nights  for  the  ob- 
servntion«  when  the  relative  htimidily  is  low.  W.  W.  CAtfpnmx. 

Mt.  Ilatnilton.  Nov.  19. 1894. 

*  To  avoid  misunderstanding.  I  explain  that  this  ia  meant  in  Ihe  sense  of 
"ex«,-cpt  poEsiblv  Jiinsscn,"  xince  wv  have  not  the  details  of  hiaubarrratioaa  and 
they  appear  to  \k  unpublished. 

t  Ut  cuurbc  the  relative  humidity  at  the  surface  of  the  Hnrth  ts  probiiltly  not 
the  same  as  the  rclatirc  humidity  at  higher  levels,  but  ibc  forurr  mniit  be  our 
guide. 
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tl  'Sh.  111. 

3  20    •■ 

I    Be.  Re. 

^ 

11  3t    *' 

II  Tr.  Er. 

7  32    " 

m  'Oc  Di». 

^      at 

I      7  A.  u. 

11  'Sh.  Eg. 

10  22    ■* 

Ill  'Oc.  Re. 

^ 

211    ■• 

I  'Tr.  In. 

11     3    •' 

Ill  *Kc  Dim. 

A 

3M    '■ 

I  "SIi.  In. 

26 

1  SO  A.  H. 

Ill  'Ec.  Ke. 

^ 

4  28    •' 

I    Tr.  Er. 

4  .18    ** 

II    Oc.  Din. 

G  15    •■ 

1  Sh.  Eg. 
1  "Oc.  Di». 

9  16    " 

II    Ec.  Re. 

11  21    " 

9  02    " 

I    Tr.  In. 

2S 

2  23    *'      - 

I  •Be,  Be. 

to  24    " 

1    8)1.  In. 

5  58    '■ 

Ill    Tr.  In. 

11  48    " 

t    Tr.  Er. 

^_^ 

8  *7    '■ 

Ill    Tr.  Er. 

12  *l   P.M. 

I    Sb.  Er. 

^^B 

no" 

ill    Sh.  It.. 

»0 

0  41  A  U. 

1    Oc.  Dia, 

^^1 

12     4  p.m. 

Ill    Sh.  Be, 
n    Oc.  Dis. 

9  49    '■ 

I    Ek.  Kc. 

^^B 

a  48  " 

11   1&  P.  M. 

11  'Tr.  In. 

^^K 

4aa  •' 

IV    Kh.  la. 

31 

1    r.  A-  M. 

11  'Sli.  In. 

^^K 

B4C    " 

IV  -Sh.  Eg. 

1  50    •' 

II  "Tr-  Eg. 

^^V 

T  68    " 

It  *Ec.  Re. 

3  40    •' 

H    Sh.  Er. 

^^B 

8  38    <* 

I  'Tr.  In. 

3  no  " 

[    Tl.  In. 

^^P 

9  20    " 

1  -Sh.  la. 

4  53     " 

I    Sit.  In. 

^^* 

10  53    ■' 

I  'Tr.  Er. 

6  10    - 

I    Tr.  Br. 

1 

11  43    '■ 

I  *Sh.  Br. 

7   y  " 

I    Sti.  Er, 

I   'Oc.  Dim. 

1          36 

G  48    •■ 

r  'Uc.  Om, 

Feb.     1 

I     Ha.  .m. 

1 

8  51    '■ 

I  -Be.  Re. 

4  18    ■■ 
9  20    " 

I    Ec.  Re. 
Ill    Tr.  In. 

NoTB.— In.,  (lenoUs  ingress;  Er.,  cRress:  Dfat.,  <lUii|ipeiirflnre;  Re..  ^rIl|^• 
penmiK'c:  Be.. eclipse.  Oc,  denotesoccultfttion;  Tr.,  transit  of  thesatclUte;  Sn. 
lmn))ilor  llientudow;  *  Vivible  at  WoiiliitiRLou. 


PhiiBVH  and  Aspects  of  the  Movn. 


4 

First  Quarter .....»«. Jnn.    4 

Pull  Moou 1 1 

PcriRce 1 1 

Last  Quurter.................«... «. 17 

New  Moon „ „..«.....» 25 

ApoRcc .««.....»».....  2V 


Central  Time. 

h 

fa 

1 

r>a  A. 

M. 

12 

50  A. 

M 

fi 

in  p. 

M. 

4 

65  J-. 

y 

3 

26  p. 

M. 

II    10  a.m. 


Transit  of  Mercttry,  Nov.  10.  1894.— Instrnctioas  for  observlnij  llii« 
tmnait  of  Mercury  were  tMucd  to  obacrveni  in  the  UnltiHl  Stales  Renerolly,  \ty 
the  NATnl  OhAcrv.itory,  nt  WnahinRtrtn,  D.  C.  Ariditional  ■luRReattons  were  sent 
out  be  ProlcMor  S.  Newconih,  Sapt.  of  the  Amencitii  Hpbcmeris  nnd  NituticAl 
Almannc.    The  (oIIowiiiR  reports  hare  been  received  — 

I.owr«ll  Ob»*rv«tory,  Fla^RMtnflT,  AHx«n«.— McTmry  t»cR;in  In-  bcinR 
behind  lime,  To  I'mfcssor  I'ickcrinR.  who  nwaited  ai  the  six-inch  his  entrance  on 
tbcitular  dixk.  he  faikd  to  appear  till  n  minute  [by  triinsnititcd  W.  U.  T.>  after  he 
was  expected. 

logreu,  exterior  contact  occurring  at  3"  57"        G.  M.  T, 

ia8teBdof3*56"'    2*  G.  M.  T. 

and  Ingress,  interior  contact  ocenrrinR  at  3-'  ciW™  -HI*  fi.  M.  T. 

instead  of  3*  ."a™  16'  0.  .M.  T. 


Transit  of  Mercury. 
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by  Mcrani.  Premonl  Morw  of  the  I'nited  State*  Const  nnd  Gcodnie  Snnrcr  and 
CtuvA.  B.  Hill  iormcrlv  of  tltc  Survey  and  later  n(  tlic  Lick  Olk&crvnc<ir>'. 

Mjr  own  rrnults  mere  unsnlufnclorv  nnd  I  will  not  ptibiialt  ihrtn.  We  were 
faVly  pre])ar«l  for  the  earl  v  ohservntiDiui  {7"  46"  a.  M.)  niid  liad  a  free  hariion, 
bot  un/ortiin«tctv  we  were  on  the  wrong  iride  o(  the  dense  fvg. 

Tbc  best  ficeing  we  bad  was  when  the  Tok  was  chinning  mid  brrore  the  at- 
moBpbiTe  liecnmc  vrrv  tinitteody. 

During;  the  pnicresn  nf  tlie  tranait  I  luokcd  mnny  times  nt  the  planet  Ihrniij;th 
t)olh  the  Fraanhofrr  tcleyroiies,  and  on  one  aecHsiitn  in  the  telcscnpv  Mr.  Hill  wa» 
ukirig  I  saw  a  Ycrr  faint  whitish  aureola  around  the  pliHiet,  fnllya  diniuctcrof  the 
planet  in  breadth  nml  not  lirtKbtc^t  in  rontiict  with  the  planet;  and  iitno  n  very 
fuiiit,  whitish,  uebulnua  centre  on  the  planet.*  It  was  the  Tir^t  lime  1  had  seen 
eucb  u  pbuntimenoH  in  traniiits  u(  Mcrctir)'  or  Venus;  and  I  changed  my  posi- 
tion Bcrcral  ttmea  to  be  sorr  oftbe  exhitrition.  I  attribated  it  to  the  ntmnsphertc 
oondil  ions .  tlie  air  was  very  unticady  nt  timcfl,  nnd  tlitrc  was  little  or  no  wind. 

1  ubserred  tl»c  uiriidiaii  possa^vft  of  the  Sun  and  planet  in  the  transit  insLru* 
nient.  ckukcb  bAVJUsOK- 


Obacrrvationa  of  Chaa.  B.  Hill. -I  ukH  llie  "Praunhotcr"  tekntcope.  on 
tn[>nd  ylAnd,  ap*.Tinre  li  inclies,  p^iwer  aboot  I'Jrt  ili-imetcrs.  nnd  with  n  ikep  red 
ide  fjlass.  Sidereal  rhrunonieler  Nu.  1739  uwrd  in  tltese  observation*)  was 
t.l  sees,  slow  ol  loeal  sidereal  time,  ua  determined  by  cnniparisuns  belare  and 
after  eontacl  with  llic  slnndanl  ehronometer  or  the  I'.  S.  Coast  and  Ocgdctlc 
Surrey  Ubacreatory. 

In  Lhe  morning  a  dcnw  foR  prevenlcil  all  possible  chance  of  obtainin)[  eontacts 
I  nnd  II.  At  egress  the  sky  was  clear,  but  the  almoxphere  was  very  unstendy,  and 
ilicevintaets  were  observed  as  well  as  tliccouditiona  would  permit,  but  not  rery 
sntisfacinrily.    The  instants  ns  noted  by  the  cbrunomelcr  were : 


111- 


tO" 

2I« 

TiV 

"not  TCt" 

16 

31 

W 

"not  vet" 

16 

21 

r.t? 

contact 

16 

32 

03 

pHSt. 

16 

23 

22 

doabtful 

16 

23 

31 

gone 

IV. 


AMuminK  that  the  instant  marked  "contact?",  and  the  mean  t>f  the  two  lust 
times  recorded,  represent  respectively  the  best  valoes  oT  III  and  IV  to  lie  obtained 
from  thnwobservatiouN,  nnd  reducing  to  Pncilic  Standard  Time,  wc  tiATc 

III.  IMI'SG-.H 

IV.  1    13    12.  I  p.  H. 


Davidson  Obscrrntory.  Nov.  ITtb  1894. 


CHAS.  B.  1IU.I.. 


Fremont  Mors«  Obaervatlons.— Poi;  prevented  the  obarnration  of  the 
I  nnd  II  contacts,  and  I  did  not  go  to  tbc  Observatory  until  about  an  hour  and  a 
half  before  tlie  end  ol  llje  transit. 

The  instrument  nsed  was  one  of  tbe  larer  reeonnoitering  tcleacopcs  of  the 
LCoast  and  Geodetic  Snrvey,  having  an  operture  of  3  inehcs,  and  a  power  of  103. 
\A  dark  yellow  glass  gave  a  very  saiislactory  sbadv,  t1)c  image  of  the  sun  being 
neither  too  bright  nor  too  dark. 

The  atmospliere  was  unsteady,  but  with  the  low  power  oaed  the  diitarbance 
was  not  ao  great  a»  to  cause  mocb  trouble. 

*  1  tbiok  Or.  lluggins  has  recorded  a  similar  phenomenon. 


TbeTnnsltof  Heicvry.— AtNorthitdd  the»k]rwa»<fciwflyclnwdy  on  ihcrnom< 
inj;  of  Nor.  10, and  thnc  wen  some  llurnn  of  snow.  Shortlv  licforc  the  liCj^inninp; 
of'thc  trnnsit,  bowtrver,  th«r  L-loud«  l)cgan  to  hrtiik  nwnj-  (iimI  wc  wtrrt  «Ulc  to  jjEct 
tbr  inetruiucnts  into  adjuBtuivtit  on  the  cast  limb  of  thr  Sao.  Professor  Pnync 
obsrrvcil  wtlh  the  16-ini:h  rcfntcLor  and  polaming  tieIii»co])e,  ])ower  290.  aad 
Mis8  C.  R.  Witlard  with  the  5-inch  Sndcr  bjr  projection  of  an  inch  imogt.  i>r. 
Wilson  obierved  with  the  o-inch  companion  to  the  photojjmphlc  telescope,  fiKal 
Icnj^th  0  feet,  with  a  dingooal  eyepiece  power  200,  and  neutral  titrCfjIns!!  shade. 

At  firtt  contnrt  >i  cloud  rovcml  ttic  Sun.  H  p»k»rcl  jKirlly  off  and  Mitia 
Willard  first  cRusht  sight  of  the  planet  n  little  tnore  than  half  on  the  disc  nt  9^ 
M"'  21'  A.  u.,  Ceutrul  Stnnd'Lrd  tinic.  Stic  SAvr  the  light  complcicly  Hurround 
the  planet  at  O*"  fiB"  SO'.S. 

Vruhiuuir  I'nyne  snw  the  plnnet  first  at  9''  5H»  23*,  estimated  gtontrtrk-al 
internal  contoct  at  9"  58""  32'.5  and  the  meeting  of  the  cusps  of  light  at  9^  oS™ 
44' .0.  Tlie  limh  wan  rery  unateady  and  he  did  not  feci  certain  of  the  time* 
within  several  seconds. 

Dr.  Wilson  did  not  see  the  ptnnet  ontil  nfter  the  contact  wns  complete,  ns  the 
glass  shade  was  too  dense  to  show  the  Sun  through  the  clouds,  and  it  could  not 
readily  he  changed.  A  numhcr  or|ihotogrit|thii  were  taken  xoon  nfter  contact  and 
at  iutervals  during  tl>e  transit,  but  the  seeing  was  so  poor  that  tliey  are  of  little 
value. 

At  egress  the  sky  was  at  first  clear,  hut  Iheaeuflg  very  unsteady,  and  a  thin 
eloiid  pMved  oxtr  junt  before  the  planet  diuppearcd.  Professor  Payne  noted  the 
separation  of  the  cusps  of  light  at  3"  II*  29*.S  P.  M.,  geometrical  internal  con- 
Urt  at  S»ll-31'.0.  hatfofr  at  3"  12"a8*.6and  disjipiienrnnce  at  3"  13»01'.8. 

Dr.  Wilson  noted  the  separation  of  the  cnsps  at  3*  It"'  28' .4,  gcontetricnl 
contact  at  3^  II-  3'1'.5,  half  ofT  at  3>>  ia»  15'.5  and  diaappearance  nt  3«  13" 
ll'.-t.  The  image  in  tbie  tekscopr  was  qnitc  sharp  most  of  tbc  time  but  was 
very  nnsteody. 

Miss  Willord  noted  the  separation  of  tlie  eusps  at  3"  11"  1'J'.2.  geometri- 
cal contact  at  3*  n"'2r'.2,  half  off  813*  12™  Ul'.fi  and  disjippenrancc  at  3''12'" 
50*, 0. 

Prufe»«ur  Payne  and  Dr.  Wilson  recorded  tim«  by  chronograph,  Miw  WlUard 
by  calling  time  to  an  assistant,  who  read  the  lime  firum  a  sidereal  chronometer. 


COMET  NOTES. 


Rediscovery  of  Enckv'n  Cuin«t.— Bncke's  perio«lic  comet  was  discovered 
on  Its  return  by  Cerulli  at  Teromo  on  Nov.  1.  lie  position  N'ov.  +,  Uerlin  noon, 
was:  R.  a.  23'>  S"-  8- ;  Uecl.  +  13«  36'.  Its  daily  motion  was  -  a"'  KI*  in  R.  A. 
and  —  16'  in  declination.    Owing  to  bad  weather  v^e  hare  not  yet  looked  it  gp  at 

Norihficld.  

Eptaenuris  of  Entke's  Comet.— In  Aatroaomiscbe  KBchrkhteo,  No.  3363,  Dr. 
Backlnnd  gives  the  follawing  elements  of  Enekc's  comet  for  188S  : 

lipochand  Osculation  1894  I>ec.  11.0  Berlin  mean  time. 

Jl/  =  34.1°  21'  3l".84  v>  "  -'57'  48*  l*".Ol 

w    =1SP   42   IS  .!>21  ft  =  1074".10703 

0    =334   +4  51    .27}  ^=  +tt".00929a 

i     =   12  H  34  .471 


News  aad  Kotes. 
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Discovery  of  r  New  Comet.— A  very  faint  twmrt  wns  riucovcrcd  hy  IM 
wtinl  Swift  in  Califoinm  Nov.  :;0.500  \n  R.  A.  aa""  IS"  24'.  U-el.  -  13°  07'.  ]l5 
motion  is  riaw  <>aHierly.    It  is  in  tlir  coitHtrltation  AqnnriuB. 


7*he  next  return  of  Comet  m84>  II  (namard).— En  Mtroanntisebe 
Ntii'hrichten  No.  3V0n  I>r.  Ilt-rlirrifh  g^trn  the  following  rknieats  of  this  comet 
for  tticciKK-h  1835.  Fob.  9.0.  Berlin  mciin  lime: 


M  =  339°  »-'  :m".3 


w   =  3U0     r>H    44 

•R 

Q  =       S     13     01 

A 

t   =       fi     27     35 

.7 

tp  —     9.5     *2     4.4. 

.7 

M    =  fi56".J52 

l.ig«    =».4KKB-.'4. 

>l89U.ri 


«  =300    58 
w  =      6    Jl 

i    =      6    27 


55  3) 
13.3]  1900.0 


I'enhtlion  ))a»iAf^  June  ;i.S  Berlin  si,  t, 

TItr  t  inic  ni  (xTihrlioii  ])»FSii|[r  is  uncertain  by  nbouc  l  8  ilnys.  Dr.  Berbcnch 
give*  u  aennrli  ephemeriK  extending  hnm  April  24  to  July  5.  Tbc  tfaeoretual 
hrit:lilne»  ol  itte  comci  in  Mny.  1^1*5.  will  be  nbout  twice  that  which  ii  possessed 
whm  last  seen  in  1884,  the  maximum  bcioB  Tcached  in  June- 


NEWS  AND  NOTES. 


We  hare  &ulil  ihie  publication  to  the  Univrraty  of  Cbi<;a>!u  nnd  tliv  transfer 
«r  it  will  Ik  maric  during  itiiN  miuiih.  Our  cnnncetlon  with  it  will  tlicrcfoi'c 
€»»«  with  this  issue.  EtsewlKre  will  be  lound  full  direeliniM  us  to  the  cuatinii- 
anee  of  an  niitmnnmicnl  jnurnnl  under  nnother  name.  Friend*  indebted  to  u»  will 
^irnlly  obltjie  n*  br  piunipt  sclllenieiit  of  dues.  Those  n-liotte  |ii>ii1  inWcn|>tii)nti 
do  not  expire  with  this  month  will  be  CNrricd  over  to  the  new  publicnliun  to  tl«: 
time  of  exiiiration  uiilesi*  sntiwribcrs  »o  nffeclcil  pfvler  to  have  their  lunncy  n- 
funded.  We  would  however  urge  nil  tn  give  henity  sujiport  to  the  Asmu-I'HVSh 
CALjorRNAL  ihot  itsstnndard  may  Ix-  niAintoincd.  In  our  Judgment  there  ii  not 
ftuflii-ieTit  support  fur  two  j<iuriii>i)i  of  tlir  grnde  of  AVTROXOUV  ANn  AftTllO>Pnv»> 
ics  ill  this  country.  F'T  thin  reason  wc  hnve  ur^ed  that  tlie  two  publirations  l>e 
kept  nr  one  llinugh  llie  name  and  mnua>:i.-nictit  l)e  changed.  Our  »ole  object  in 
the  transfer  tins  been  to  do  that  whiih  is  lie&t  for  nstrnnumy  in  general.  In  tbi^ 
we  niny  Itc  miwtflkcn  though  we  Iwlicvr  not. 


Popular  AiUoaony  will  l>c  continued  as  Iterrtofiire,  and  all  Traders  tulere«ted 
in  nn  untcchnicnl  and  an  unprofcssionat  publication  in  ihc  interest  uf  uKtnmomy 
UTV  npcdally  asked  to  lavor  this  |)nbli«aUon  wiib  their  suiiport. 


AstroDflmy  and  Aslro-Pkysies.— Complete  volumes  of  lht«  pnldicnLmn  for  the 
yvan  IHH'^.  lH93And  1804  can  be  fiirnished  by  the  publisher,  W.  W.  Pnync.ln 
pamphlet  form  at  the  regular  ptice  of  Siench.  There  arc  only  a  few  cumfdete  acts 
remaining. 

To  complete  sets  the  publisher  dcsirrs  to  purchoM  Iwcnty  copies  uf  unraber 
131.  jnntmry  H*iH.  l-iliy  cents  each  will  Ix  imid  ritr  su  many  voptc*  iti  good 
fondiiion  arm  to  us  during  thin  month. 


GENERAL  INDEX  TO  VOLUME  XIII. 


nmation  and  atmospheric  rrfniction  of  light.— Rcsoha  of  an  inv«ftti|;aiinn 
o(,  mnrle  with  a  modiricfl  form  of  the  I.,ocwy  pn«m  npparAtut, 

G.  C-  Com«lock,.„„,.^ , JJO 

Canvtiint  of— , 258 

Chromatic — of  telescopes,  James  E.  Kcelcr  (ootc) 157 

The  constnnt  of—  (notr) 258 

Abnej,  Photogritphic  iarestigations  of  Captain— (tiotc).» «4I 

Cnptnin.  W.  cic  W..  C.  B.,  R.  B..  D.  C.  L.,  F.  R.  S..  Pnvident  oftbe 
Roynl  Astronomical  Society  on  prescntiiif;  the  f>old  medal  tn  Mr.  S. 

\V.  Bnmhain,— Addrrs*  by 283 

Academy  of  Seicnecs  at  CbtcaKO,  section  uf  MethcmoticB  and  Astronomy, 
Mwting  of  the— Dec.  5.  IWU*.  87:  )nn.  3.  1«9«..  173:  Feb.  a, 
I89i.  i6a;  MArch  5.  18S».  3*6;  April  0.   1S04,  4i.:i;  May  1*, 

1M<U.  51H;  June  It,  ISO*.  602;  Sept.*.  189* .'. 708,782,872 

Kornl  Irinh, — Trarmactions  of— (note) , 779 

of  Si'ieo^-es  at  New  York.  Mcetinc  of  the — „ S8,  415 

Avhrontnttc  ol>}evt-gIut«,  A  new  triple— (note) 400,  G97 

Addrewi  delivered  l»y  the  Prewdeiit  of  the  Roynl  AstmnnmienI  Society.  Cnp- 
tain  \V.  dc  W.  Abney.  C.  ll..  K.  li..  D.C.  L.,  F.  R.  8.,  00  presentiuR  the 

gold  medal  tu  Mr.  S.  W.  BunihAm 283 

Adjtwtmeiit  of  the  e(]Hatnriiil.  yiiicV— (note) 17I 

A^riculiarnl  College  Observatory  uf  Brooking*,  S.  D.,  Obtervations  of  llw 

transit  uf  Mercury  Nov.  10.  1894— <Dute) .-. »..».....».  WtS 

Air,  Refractive  index  of  )if|ui<l — (note) —    fn 

AlRfbra.  Kxerciu  book  in— by  M.  S.  Mc  Curdy  (notice) jSX 

Alj^l,  EccctJlrieily  of  the  orbit  of  tlie  companion  of— (note) 516 

type  of  varinble  vtars.    (Sc«  variable  Ktnrs) 

variable,  erratum « 7**^ 

■Utitudc,  Variation  of  gravity  with— (nole).... „ 404 

Apparatus  for  elcclricnl  control  of  telescope,    ((rnritinpicce) 3<^ 

Apparent  orliitK  of  binary  stnn,  A  graphical  method  of  determining  (he — 

Charle*  I".  Howard 425 

A|)|tlicji tiun  to  metrology  of  Ught  waves,  A.  A.  Michelaoa 92 

Analyse  der  Gestinic.  Schcinei-'fl  spectral — (note) 59!$ 

Aimnlar  eclipse  of  the  Sun,  April  Sth,  18U* 250 

Anderson's  variable  in  Andromeda  (note) 317 

Andromeda,  Anderson'*  variable  iu— (note) 317 

Amfi"  medal  fur  Professors  Hall  and  Barnard  (note) _.. Kt 
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